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Lj.st of itemized changes made i 
i) Introduction has been modified in the light of the 
comments made as follows t 
a) Instead of Gans the name of Claire Deville has been 
introduced. References 28 and 29 of introduction 
nave been droped and new references have been given. 
b) The main use of inorganic ion exchangers as detergent 
builders has been included. 
c) Some references of silicate based ion exchangers have 
been included (Table 1.2), 
ii) Chapter - 3 has been modified as follows i 
a) Ion exchange isotherirs have rot been extra^polated. 
b) The significance of calculating A S and A H has been 
discussed in order to interpret the results, 
c) The results have been obtained on a third temperature 
(40°C) in addition to the 30°C and 50°C already done 
earlier, 
d) The reason of the h^^stereses has been given, 
e) As the material was dried prior to the reverse exchangi 
process the phenomenon observed is not reversible 
one. This fact has been mentioned. 
f) The title of the chapter has been modified. 
iii) The statement on page 24 regarding the rate of ion 
exchange has been changed. 
iv) The typographical errors pointed out by examiner have 
been rectified. 
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CHAPTER - 1 
GENERA L INTRODUCTION 
Chemica l a n a l y s i s i s an e s s e n t i a l component of a l l 
f i e l d s of s c i e n c e nnd i n c l u d e s b o t h t h e i n s t r u m e n t a l and 
n o n - i n s t r u m e n t a l t e c h n i q u e s . I t i s t h e c h e m i c a l a n a l y s i s 
which t e l l s us abou t t he q u a l i t a t i v e and Q u a n t i t a t i v e 
a s p e c t s of any s y s t e m . Both t h e s e a s p e c t s t o g e t h e r g ive 
a t r u e p i c t u r e aoou t t h e s u b s t a n c e s and t h e i r u t i l i t y . Th is 
i n f o r m a t i o n i s v i t a l b e c a u s e i t a i v e s a g u i d e l i n e f o r a 
j u d i c i o u s use of a p a r t i c u l a r s u b s t a n c e f o r some u s e f u l 
p u r p o s e s . 
S e p a r a t i o n i s an i m p o r t a n t a s p e c t of a c h e m i c a l a n a l y -
s i s . Out of t h e v a r i o u s methods a v a i l a b l e , c h r o m a t o g r a p h y 
i s one of t h e mo^t w i d e l y used m e t h o d s a t p r e s e n t which was 
o r i g i n a t e d by V i c h a e l T s w e t t , a R u s s i a n b o t a n i s t ^ i n 1906 
by s e p a r a t i n g t h e g reen and y e l l o w p igment s of c hlorop. ' 'y 11 
by column a d s o r p ' c i o n ( 1 ) . Today , c h r o m a t o g r a p h y has no 
p a r a l l e l as f a r as i t s s i m p l i c i t y and v e r s a t i l i t y are conce rned 
A f a s t d e v e l o p m e n t in t h e f i e l d of e l e c t r o n i c s in r e c e n t 
y e a r s has r e n d e r e d c h r o m a t o g r a p h y one of t h e most s o p h i s t i -
c a t e d i n s t r u m e n t a l t e c h n i g u e s which can I d e n t i f y and s e p a r a t e 
s u b s t a n c e s b o t h o r g a n i c and i n o r g a n i c , in t h e r a n g e as low 
as p a r t s per b i l l i o n . G a s - l i g u i d c h r o m a t o g r a p h y (GLC), gas 
s o l i d c h r o m a t o g r a p h y (GSC), h i g h pe r fo rmance l i q u i d chroma-
t o g r a p h y (f'PLC) <;nJ h igh p e r f o r m a n c e t h i n l a y e r c hrom^^tographiy 
(HPTLC) a r e t h e e c e n t a e v e l o p m e n t s whicf-i have becorr.f d imos t 
an essential tool for a modern analytical chemist. 
The two essential components of chromatography are 
the' stationary J^ hase ' c;nd the 'mobile phase'. Based on the 
physical state of the stctionary phase, chromatography may 
be termed as 'solid' or 'liquid' cl-iromatography. If tre nature 
of the mobile ptiasc is also incorporated in this classifi-
cation then it can be further classified as 'gas-solid', 
'liquid-solid', 'gas-liquid' and 'liquid-liquid' chromato-
graphy. Out of them liquid-solid chromatographiy can be 
considered to be an easy and simple technique operative 
under ordinary conditions. The solid stationary phase 
may be eithej- a simple adsorbent or an ion exchange material. 
In case when an ion exchanger is used as a stationary phase 
the technique ir. called 'ion exchange chromatography'. 
In an ion exchange process the exchange of ions takes 
place between t\\e two immiscible phases. Ion exchangers are 
insoluble materials which carry exchangeable cation (cation 
exchangers) or anions (anion exchangers). The exchange takes 
place stoichiomttricrlly. A typical cation exchange process 
may be shown as follows : 
2 Na X + CaCl^ (aq) ^  ^ Ca X^ + 2NaCI (aq) ... I 
where 'X' repiesents ., structural unit of the ion exchanger, 
bar shows the e;:ch^ .nger phase and 'aq' indicates that-the 
3 
e l e c t r o l y t e i s :.n t h e aqueous p h a s e . 
The i r i soLubie frarrework of an ion e x c h a n g e r c a r r i e s 
a p o s i t i v e c h a r q e ( a n i o n e x c h a n g e r ) or a n e g a t i v e cha rge 
( c a t i o n e x c h a n g e r ) which i s compensa ted by t h e i o n s of the 
o n p o s i t e c h a r g e c a l l e d ' c o u n t e r i o n s ' . The framework of an 
i on e x c h a n g e r may be compared t o a sponge w i t h c o u n t e r i ons 
f l o a t i n g in t h e p o r e s . 
Ion e x c h c n g e i s one of t h e most p o p u l a r t e c h n i q u e s 
t h e s e aays b e c a u s e of i t s s i m p l i c i t y in o p e r a t i o n . Most of 
t h e ion exchange s e p a r a t i o n s can be performed u s i n g s m a l l 
c o l u m n s . And a l s o , some d i f f i c u l t s e p a r a t i o n s can be a c h i e v e d 
whicr. a r e n o t po::>sible by ttie c o n v e n t i o n a l d i s t i l l a t i o n 
m e t h o d s , as a s m a l l column i s e q u i v a l e n t t o a l a r g e nuir.ber 
of t h e o r e t i c a l p l a t e s . The most s t r i k i n g f e a t u r e of t h i s 
t e c h n i q u e i s t h c t i t can be combined e a s i l y w i t h o t h e r 
m.odern a n a l y t i c a l t e c h n i q u e s such as s p e c t r o p h o t o m e t r y , 
po la ro f i r aphy c.nd spo t t e s t . The h i s t o r y and use of ion 
excr.anqe a a t e s back more t h a n a h a l f c e n t u r y , d u r i n g which 
t ime i t hc'.s been used b r o a d l y in t h e s e p a r a t i o n of bo th 
sm.all and l a r q e m o l e c u l e s . With t h e adven t of b i o t e c h n o l o g y , 
t h e deve lopmen t of n igh p e r f o r m a n c e media and sy s t ems for 
t h e a n a l y s i s and p u r i f i e r t i o n of g e n e t i c a l l y e n g i n e e r e d 
p r o t e i n s by ion exchange chiromat og raphy has a c c e l a r a t e d t o 
t h e p o i n t t h a t the r e c e n t a d v a n c e s in ion exchange chroma-
toqrc .phy a r e domina t ed by l i f e s c i e n c e a p p l i c a t i o n s (2) . The 
use of an ion e x c h a n g e r in i n o r a a n i c a n a l y s i s i s very w e l l 
e s t a b l i s h e d . 
Although the e a r l i e s t mention of ion exchange phenomenon 
was made in the Holy Bible (3) when Moses pur i f ied undrink-
able water by the t reatment with wood l o g s , a systematic 
study of t h i s technique was car r ied out by Thompson(4) and 
Way(5) in s o i l s . They described the phenomenon as a base 
exchange and the ma te r i a l s responsible were ident i f ied by 
Lemberg(6) and Wiegner(7) as c lays , g l aucon i t e s , z e o l i t e s 
and humic ac ids . The f i r s t synthet ic z e o l i t e was developed 
by Deyille in 1962 when he produced levyne( levyni te) by 
heat ing a potassium s i l i c a t e with sodium aluminate. The 
d i scover ies have led t o the use of these mater ia ls in plant 
operation for water softening(8) and o ther purposes and to 
Synthesize products with s imi lar p r o p e r t i e s . Though the f i r s t 
Synthetic indus t r i a l ion exchanger was prepared in 1903 by 
Harm and Rumpler(9), the u t i l i z a t i o n of these mate r ia l s for 
a n a l y t i c a l purposes could not be found successful upto a 
much l a t e r s tage , as they were s tab le only in a narrow range 
of pH, \ h i s drawback led to the discovery of some other more 
s table m a t e r i a l s . A break through in t h i s d i r ec t ion was made 
by Adams and Holmes who discovered the ion exchange p roper t i e s 
of crushed phonograph records in 1935, Later on the r e s i n s 
based polystyrene were prepared by Alce l io which possess high 
s t a b i l i t y in the whole pH range and good ion exchange 
capac i ty ( lO) . 
The most fundamental p r o p e r t y of an ion exchanger 
i s i t s s e l e c t i v i t y - t h e a b i l i t y to adsorb d i f f e r e n t i a l l y 
a p a r t i c u l a r ion in p resence of the o t h e r having the same 
v a l e n c y . I t i s a measure of i t s e f f i c i e n c y to r ecove r ions 
from d i l u t e s o l u t i o n s . The s e l e c t i v i t y of any ion exchanger i s 
i n f l u e n c e d by the n a t u r e of exchanging ions such as cha rge , 
s i z e , p o l a r i z a b i l i t y and h y d r a t i o n . I n d i l u t e s o l u t i o n s icns 
c a r r y i n g a h ighe r cha rge are more s t r o n g l y r e t a i n e d by the 
exchanger than the i ons c a r r y i n g a lower cha rge . For example, 
in a t y p i c a l ion exchanger Dowex-50 t h e r e t e n t i o n s a re in 
the o r d e r -
Na-" < Ca2+ < La^^ < Th^"^ 
In g e n e r a l , the s e l e c t i v i t y of an ion exchanger i n c r e a s e s 
with i n c r e a s e in t h e atomic number of the ions in the same 
p e r i o d i c group i . e . -
Li"^ < Na"^  < K"*" < Rb"^  < Cs"*" 
F~ < CI"" < Br" <I~ 
For ions of thp same valency but d i f f e r e n t p e r i o d i c qroup'5 
the s e l e c t i v i t y can be approximated from t h e i r a c t i v i t y 
c o e f f i c i e n t . G r e a t e r the a c t i v i t y c o e f f i c i e n t g r e a t e r i s the 
exchange p o t e n t i a l . Large i ons , s p e c i a l l y the organic i o n s , 
a r e o f t e n adsorbed s t r o n g l y but f u l l exchange c a p a c i t y may 
not be observed . In g e n e r a l , the h i g h e r i t s p o l a r i z a b i l i t y and 
the lower i t s degree of hydrat ion, the more strongly w i l l bo an 
ion be adsorbed. For example, the adsorption increases from 
Li"^  to Cs"*" in which the degree of hydrat ion decreases in the 
same o rde r . 
Inorganic ion exchangers have a d i f f e r e n t adsorpt ior 
behaviour because of t h e i r inorganic n a t u r e . The matrix 
plays an important ro l e in t h i s case . The s e l e c t i v i t y for 
d i f f e ren t metal ions is governed by both the ion exchange 
property of the mater ia l and adsorption c h a r a c t e r i s t i c s of 
the ma t r ix . Due to t h i s reason inorganic ion exchangers have 
recen t ly been found p o t e n t i a l l y useful in the preparat ion 
of ion s e l e c t i v e e l e c t r o d e s ( l l ) , The most important aspect 
of inorganic ion exchangers is t h e i r s t a b i l i t y at high temp-
e ra tu re s and in presence of ionis ing r a d i a t i o n s . Due to thi t 
reason they occupy an important posi t ion in the f ie ld of 
r ad ia t ion chemistry (12,13)» The main use of inoraanic ion 
exchangers is zeo l i t e s as detergent bu i lde r s (5C)0 thousand 
tonnes per annum). They are also used in the nuclear energy 
i ndus t r i e s for the separa t ion of se lec ted nuclides from dissolved 
spent nuclear fue l s . 
An ion exchange mate r i a l has to possess several 
q u a l i t i e s in order to be p r a c t i c a l l y use fu l , the most important 
of which may be summarized as follows : 
1. The mater ia l must be v i r t u a l l y insoluble within a wide 
range of pH. Furthermore, i t should preferably be possible 
t o use i t e i t h f r in s t r o n g l y a c i d i c or in f a i r l y s t r o n g l y 
a l k a l i n e s o l u t i o n s , as such media a r e o f t e n e n c o u n t e r e d in 
r e p r o c e s s i n g work . 
2 . The exchange c a p a c i t y must be h i g h enough t o e n s u r e a 
p r a c t i c a l o p t r c t i o n . 
ai 
3. Sorption and elution must be so rapid that/column can be 
operated at rcrsonable flow rates. This means that the 
polymer network must be open enough to allow a sufficiently 
free diffusion of the e xchf-ngeab le ions, i.e. the degree of 
cross linking must not be too high. 
4. The resistance to attrition must be so good that column 
can be loaded and eluted many times without severe clogging 
or channeliinq. 
5. It must always be possible to prepare the ion exchanger 
so that min'or changes in the method or material used for 
preparation do not cause major changes in the performance. 
6. The selectivity must be so high that a convenient separation 
between different ions or at least types of ions, can be 
effected by suitable variation of pH, 
7. If c) separation is to be accomplished by variation of pH, 
another concition obviously is that the ions to be sorbed 
are able to compete successfully with the hydrogen ions 
for the functional groups within the available range of pH. 
8 
Most of the inorganic ion exchangers which have been 
found to f u l f i l , to an acceptable e x t e n t , the fundamental 
requirejnents given above possess a negat ive ly charged polymer 
network and thus are able to act as ca t ion exchangers. Important 
examples a^ e^ heteropoly acid s a l t s such as ammonium moly-
bdophosphate, complex cyanides, var ious zirconium compounds 
such as phosphates, molybdates and t u n g s t a t e s , hydrous oxides 
of s i l i c o n , t in ( iv) and z i rconium(iv) , and also a number 
of bas ic s a l t s in the high oxidation s t a t e s , p a r t i c u l a r l y 
zirconium and t i t an ium. These ma te r i a l s in acidic so lu t ions 
show a great s e l e c t i v i t y for heavy a l k a l i metals (14 ,15) . 
Other mater ia ls as uranyl phosphate (16 ,17) , manganese(iv) 
oxyhydrate(18), s tannic phosphate(19), a luminosi l ica te 
(Decalso)(20) and c lay minerals(2l ) a re also used for the 
separa t ion of caesium by a cat ion exchange process . Important 
advances in t h i s f i e l d have been reviewed by a number of 
workers a t the var ious s tages l ike Vesely and Pekarek(22,23), 
A l b e r t ! and Co7stantino(24)^ Walton(25-28), and Clearf ie ld( l2 ,13) 
Very recen t ly Dyer has dea l t with the theor i e s involved in 
z e o l i t e molecular s i eves (29 ,30 ) . These mater ia l s have a d i rec t 
relevance to the p resen t work and have been used as model 
ion exchangers. Table 1.1 gives a b r i e f account of some inor-
ganic ion exchangers in addit ion to the synthet ic z e o l i t e s , 
which have been prepared so f a r . 
Surface cha rac te r i za t ion and a n a l y t i c a l app l ica t ions 
are the two important aspects in the study of inorganic ion 
exchangers . Surface cha rac te r i za t ion can be done in two 
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The former methods include the chemical composition, chemical 
and thermal stability and ion exchange properties. A study 
of ion exchange properties takes into account the various 
characteristics of the material such as concentration and 
elution behaviour, ion exchange capacity, pH titrations and 
distribution behaviour. Physical methods of characterization 
are x-ray diffraction, TGA/DTA and IR. They indicate the 
presence of certain ionogenic groups in the material, in 
addition to its crystalline nature. For amorphous inorganic 
ion exchangers however, a great emphasis is given on the 
ion exchange properties, followed by the physical charac-
terization based on the TGA/DTA and IR. A study of the 
analytical applications is important to explore the potential 
use of these materials. 
Ion exchange capacity is an important property of an 
ion exchange material and is expressed in milli equivalents 
per gram of dry exchanger in H or 0H~ form. For strong 
ion exchangers, the capacity can easily be determined by 
direct titrations. Majority of inorganic ion exchangers 
behave as weak acids and therefore, the direct titrations 
are not possible. In this case ion exchange capacity is 
determined by replacement of hydrogen ions from the exchanger 
phase by counter ions of a neutral salt solution and titra-
ting the liberated acid in the effluent by a standard base 
solution. Break through capacity(172) i.e. the useful capacity 
for utilizing the column operation is of importance when 
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the ra te of exchange is slow. 
The ion exchange mate r ia l must be studied for i t s 
chemical s t a b i l i t y in acidic and basic media to check i t s 
l i m i t a t i o n s . Thermal s t a b i l i t y of the mater ia l i s also of 
equal importance as inorganic ion exchangers are quite 
s table at e levated temperatures and the i r percent re tent ion 
of ion exchange capacity is qui te high as compared to t he i r 
organic counter p a r t s . In some cases even an increase in 
ion exchange capacity has a lso been observed at 200°C(173). 
Potentiometric t i t r a t i o n s are helpful in finding 
whether the exchanger is a monofunctional or a poly functional 
ma te r i a l . A lbe r t i has studied t i t r a t i o n curves in d e t a i l on 
zirconium phosphate with a lka l ine earth metal hydroxides(174). 
X-ray s tudies are done in order to know whether 
the ion exchange mater ia l is c r y s t a l l i n e or amorphous. For 
an amorphous mate r i a l however, such a study w i l l not be 
useful for e luc ida t ing the s t r u c t u r e . TGA/DTA s tudies are 
helpful in f inding the water content of the ma te r i a l . This 
water may be of two types : free water and water of c rys ta -
l l i z a t i o n . These s tudies alongwith the ch.emical ana lys i s , 
point to the emperical formula of the m a t e r i a l . Infrared 
studies give an idea about the various funct ional groups 
present in the ma te r i a l . 
Dis t r ibut ion coeff ic ient (Kd) is the r a t i o of 
concentration of solute between two phases i . e . one is the 
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exchanger phase and the other i s solution phase. Ion 
exchangers take up certain ion in preference to the others 
present in the solution phase. Distribution coeff icient 
i s the measure of this preference which i s also tenned as 
s e l e c t i v i t y . The higher the distribution coeff ic ient of a 
certain ion, the higher w i l l be i t s uptake. Se lect iv i ty 
generally depends upon three factors v i z , Donnan potential , 
sieve action and complex formation. On the basis of the d i s t r i -
bution coe f f i c i en t , i t i s possible to predict the separation 
of substances. It is expressed as follows : 
^. _ Amount of the ion present in the exchanger phase a- . . 2 
•^ ^ ~ Amount of the ion present in the solution phase mI-1 
The general use of d is tr ibut ion coef f i c ient i s made in 
elution techniques as the adsorption of an ion in ion 
exchange chromatography i s proportional to i t s d is tr ibu-
tion coe f f i c i en t . 
Thermodynamic s tudies are important to understand 
the behaviour of an ion exchanger. In fac t , theimodynamies 
is the study of chemical equilibrium, which forms the basis 
of an ion exchange process, Thexroodynamic predictions are 
easy on an inorganic ion exchanger because of i t s rigid 
matrix, accompanied with a negl igible swel l ing. When an ion 
exchanger having a counter ion »A» i s placed in a solution 
of counter ion 'B' , an equilibrium wi l l eventually be 
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set up between the exchanger and solution phases. This 
exchange at equilibrium may be represented as : 
A + B (aq) .^ ^ 5 + A (aq) (3) 
Here the effect of co-ions may be considered negl igible 
for the sake of s impl i c i ty . The thermodynamic equilibrium 
constants for the react ion may be writ ten as : 
a„ a D ^A ( 4 ) 
^A ^B 
An ion exchange equilibrium may be described by two 
different theoretical approaches. One is based on the mass 
is 
action law while the other/on the Donnan theory. Donnan 
theory has an advantage of permitting a more elegant inter-
pretation of the thermodynamic behaviour in an ion exchanger. 
However, mass action apfiroach is straight forward and it gives a 
semiquantitative picture. Probably, the first quantitative 
information of ion exchange equilibria was made by Gans(175)) 
using the mass action law in its simplest form. A general 
treatment was given by Gaines and Thomas (176). 
Free energy chr.nqt s in the ion exchange process can be 
calculated with the help of thermodynamic equilibrium constant. 
The free energy change of the system is important to know, 
by which one can estimate the preferential uptake of the 
counter ions by the exchanger. The ionic selectivity is 
governed by the lowering of the free energy change of the 
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ion exchange system and can be evaluated by knowing the Ka -
values a t d i f f e r e n t temperatures . 
Most of the thermodynamic s tudies have been done on 
a l k a l i and a lka l ine ear th me ta l s . The ion exchange e q u i l i b r i a 
of a l k a l i metal ions have been studied by Larsen and Vessers(177) 
and Gal and Ruvarac (178) on zirconium phosphate of various 
composition and p r o p e r t i e s . Recently, ex tens ive s tudies on 
ion exchange thermodynamic of a l k a l i metal ions have been 
made with a more defined semi - c r y s t a l l i n e and c r y s t a l l i n e 
zirconium phosphate (179-189). Baetsle (190) studied the exchange 
of C a ^ , Sr^ "*", Ce^ "*" and Eu*'"*" ions with hydrogen ions both at 
micro and macro concentrat ion l eve l s over a range of temperatures 
(5-70**C) on zirconium phosphate. The exchange equilibrium 
studies on Ca^^ _ H"^  (191) and UO^ *^*" - H"^  (192) have been 
made by Ruvarac on c r y s t a l l i n e zirconium phosphate. The thermo-
dynamic exchange on z e o l i t e s have been made with a g rea te r 
ex ten t . Barrer (193,194), Sherry (195,196) and Dyer(l97) studied 
the e f fec t of temperature with d i f fe ren t z e o l i t e s in var ious 
ca t ionic forms. 
Similar s tudies have a lso been done on Inorganic anion 
exchangers. The r e v e r s i b i l i t y of Br~- NO^" exchange on 
hydrous z l rcoh ia was demonstrated by Kraus ( 1 5 ) . Thermodynamics 
of C1--N0-, CI- - SCN- and SCN" - CI*" exchange on hydrous 
zirconium oxide was studied by Nancollas and Paterson (198). 
Some of the equi l ibr ium s tud ies on d i f f e r e n t ion 
exchangers with various systems and t h e i r parameters are given 
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in table 1.2. 
Inorganic ion exchangers have been u t i l i z e d for 
numerous important a n a l y t i c a l app l i ca t ions , some of which 
can be summarized as follows : 
i ) Pur i f i ca t ion of substances on a large scale 
i i ) Separation of one ion from the other on a small ion 
exchange column. 
i i i ) Paper/ thin layer chromatographic s epa ra t ions , 
iv) As column material in gas chromatography 
v) Specif ic spot t e s t de t ec t ion , 
vi) Use of ion exchanger beads to locate the end point in 
t i t r a t i o n s . 
v i i ) Use in ion se lec t ive e l ec t rodes . 
Inorganic ion exchange mater ials have not been used 
as extensively in ana ly t i ca l chemistry, as c l a s s i c a l high 
molecular weight ion exchangers specia l ly for the analysis 
of inorganic ions . Nevertheless they used for separation and 
concentrat ion, special ly radio isotopes has grea t ly used in 
last 10-15 yea r s . Inorganic ion exchange mate r ia l s can be 
used in the range of i n t e r e s t i n g separat ions tha t are far 
more d i f f i c u l t to carry out using organic ion exchangers. 
Most inorganic ion exchange mater ia ls can be used for separa-
t ion of a l k a l i metals which have generally more favourable 
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r e s i n s . S i m i l a r l y other i n o r g a n i c ion exchange m a t e r i a l s 
have been found to be s e l e c t i v e for o the r e lements under 
suitc'ible c o n d i t i o n s . These can be used for s e p a r a t i o n of 
these metal i o n s . Zirconium c'mtimonate i s h igh ly s e l e c t i v e 
for Sr i o n s . Ti tanium(lV) fnolybdate, s e l e c t i v e for Pb , 
Ba and Tl i o n s , has been used for t h e i r s e p a r a t i o n s from 
binary and t e r n a r y mixture of var ious i o n s . Titanium t u n g s t a t e 
2 + has shown a high s e l e c t i v i t y for Ca ions and t h e r e f o r e has 
been used for t h e i r sepr . ra t ion from o ther a l k a l i n e ea r th 
e l emen t s . The increased s e n s i t i v i t y of thor ium molybdate for 
o 1 3 4 . 
Fe ions has been s i m i l a r l y u t i l i z e d for s e p a r a t i o n of Fe 
from b inary m i x t u r e s . 
Zirconium(IV) molybdate and t u n g s t a t e a l s o e x h i b i t 
e l e c t r o n exchange p r o p e r t y . They are reduced by SnCl^ s o l u t i o n 
to product t h a t probably con t a in t r i v a l e n t t u n g s t e n . The 
reduced form of the sorbent produced can be r eox id i zed e . g . 
us ing V(V), F e ( I I I ) , Ce(IV) or H2O2 s o l u t i o n . Some other 
a 
inorganic ion exchange m a t e r i a l s h a v e / s i m i l a r p r o p e r t y . 
A number of o ther s o r b e n t s of the group of ac id i c 
s a l t s of m u l t i v a l e n t metols e x h i b i t i nc r ea sed s e l e c t i v i t y 
for var ious ions e s p e c i a l l y for the heavy meta l i o n s . F e r r i c 
phosphate, for example, has been used a n a l y t i c a l l y for the 
sepa ra t ion of Th"*^ or Pb^"^ from Hg^ "*", Zn^ "*", Sr'^'^ Mn^ "^  and 
2+ Ni . S i m i l a r l y f e r r i c s e l e n i t e i s s u f f i c i e n t l y s e l e c t i v e 
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2 + for the s e p a r a t i o n of Pb from a number of o t h e r m e t a l s . 
I n t e r e s t i n g s epa rd t ions have c a r r i e d out on mixture of ions 
using paper chromatography, e i ec t rochromatography and t h i n 
layer chromatography. Work in t h i s f i e l d i s , however, in i t s 
i n f a n c y . . I t would be u se fu l t o car ry out s y s t e m a t i c study 
and to use new exchange m a t e r i a l s c h a r a c t e r i z e d by large 
surface a r e a . I t can be assumed t h a t t h e s e new sorbents bonded 
t o a s u i t a b l e support w i l l improve the s e p a r a t i o n c a p a b i l i t i e s 
in both TLC and paper chromatography. 
The p r o t e c t i o n of the environment and h e a l t h p r o t e c t i o n 
r equ i re the s t r i c t l i m i t s of t he c o n c e n t r a t i o n of the heavy 
metals and r a d i o i s o t o p e s in t h e hydrosphere . The ana lys t must 
often de termine the s tud i ed elements t h a t a re h ighly d i l u t e d 
in large volume of water or in a i r . I t i s of ten necessary t o 
t r e a t a l a rge amount of sea or r i v e r water or complex i n d u s -
t r i a l e f f l u e n t s with high s a l t con ten t s .The use of s u i t a b l e 
inorganic ion exchange m a t e r i a l with high s e l e c t i v i t y for 
s tudied e lements often f a c i l i t a t e s t h e i r c o n c e n t r a t i o n and 
s epa ra t i on which i s neces sa ry for s u c c e s s f u l d e t e r m i n a t i o n , 
^t i s t hus necessiiry t o exp lo re m a t e r i a l with s u i t a b l e s o r p -
t i o n p r o p e r t y , high s e l e c t i v i t y and chemical and mechanical 
s t a b i l i t y . Inorganic ion exchange m a t e r i a l s can be s p e c i a l l y 
use fu l in t h i s f i e l d . 
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In view of the above it is an apparent that although 
inorganic ion exchange materials have some drawbacks regarding 
their chemical stability and reproducibility in properties, 
thiey have an analytical potential for some difficult separa-
tions, especially when a high selectivity for a certain metal 
ion is needed. It is for this reason that the interest in these 
materials is increasing day by day. Some new materials are 
being prepared with an aim in mind that they may have a better 
stability and selectivity under some specific conditions. 
The ion exchange properties are some times improved by producing 
the crystailinity in the material to certain extent by refluxing 
in acidic solution or in the mother liquor for a range of 
time. However, this technique is not always successful and it 
is found some time that material has lost its ion exchange 
properties on refluxing. Under such conditions such efforts 
are abandoned and the amorphous material is selected for its 
possible use in analytical chemistry. The following pages 
give an account of our efforts in this direction. A new 
inorganic ion exchange material based on antimony and phos-
phorus has been prepared both in amorphous and crystalline 
forms. Its ion exchange characteristics have been studied 
with a view to explore its analytical potential. Further, 
an effort has been made to understand the ion exchange 
processes on its surface on the basis of thermodynamic princi-
ples. Lastly, the material has been utilized for some analyti-
cal separations on its column and paper which explores its 
potential in environmental studies. 
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CHAPTER 
SYNTHESIS. CHARACTERIZATION AND ANALYTICAL APPLICATIONS 




Ant imony s a l t s have r e c e i v e d a t t e n t i o n as i n o r q a n i c 
ion e x c h a n g e r s because of t h e i r good s t a b i l i t y and e x c e l l e n t 
ion exchange b e h a v i o u r . Among them, a n t i m o n i c a c i d i s , p r o b a b l y , 
t h e most e x h a u s t i v e l y s t u d i e d e x c h a n g e r b e c a u s e of i t s c r y s -
t a l l i n e n a t u r e , h igh exchange c a p a c i t y and s e l e c t i v i t y f o r 
c e r t a i n m e t a l i o n s . J a n d e r and S i m o n ( l ) r e p o r t e d t h a t a n t i -
on i c a c i d a b s o r b e d l i t h i u m i o n s from a d i l u t e s o l u t i o n 
of l i t h i u m s u l p h a t e , g i v i n g an amorphous mass of i n d e f i n i t e 
c o m p o s i t i o n . Abe and I t o ( 2 - 4 ) and L e f e b v r e ( 5 ) have r e p o r t e d 
t h a t s o r p t i o n and d e s o r p t i o n of p o t a s s i u m i o n s on a n t i m o n i c 
a c i d i s due t o an ion e x c h a n g e on i t s s u r f a c e . An t imon ic 
a c i d has shown s e l e c t i v i t y f o r a l k a l i and a l k a l i n e e a r t h 
m e t a l i o n s ( 6 ) and t h e i r s o r p t i o n i s g o v e r n e d by an ion 
exchange p r o c e s s wi th a s e l e c t i v i t y s e q u e n c e i n t h e o r d e r : 
Na"^  > K^ > NH^^ > Rb"^ > Cs"^ and 
Ba > Sr > Ca > Mg 
90 Polyantimonic acid has also shown affinity for Sr and 
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Cs and t h e i r r e c o v e r y from a c i d r e p r o c e s s i n g e f f l u e n t s 
as r e p o r t e d by B a e t s l e e t a l ( 7 , 8 ) . Ant imony s i l i c a t e ( 9 ) , 
a c r y s t a l l i n e i n o r . j a n i c i on e x c h a n g e r p r e p a r e d in t h e s e 
l a b o r a t o r i e s h.is shown p r o m i s i n g ion e x c h a n g e p r o p e r t i e s , 
h ioh s t a b i l i t y under t h e r m a l and r a d i a t i o n c o n d i t i o n s . 
I t s ion e x c h a n g e behr-.viour has been u n d e r s t o o d on the b a s i s 
5C' 
of some k i n e t i c i^nd thermodynamic s t u d i e s ( ID, 11 ) . Antimony 
s a l t s such as 2 : r ( iv) , T i ( i v ) and Sn( iv ) a n t i m o n a t e s ( l 2 - 1 5 ) 
have r e c e i v e d a t t e n t i o n because of t h e i r r e p r o d u c i b l e ion 
exchange b e h a v i o u r . T i ( i v ) an t imonate (16) shows an ext remely 
hiqh s e l e c t i v i t y for Li"*" ions in NH^NO^ s o l u t i o n , the i n c -
r e a s i n g s e l e c t i v i t y sequence for microamounts being : 
Rb^ < Na"*" < Cs"^  < K^ << Li^ 
I t has a l s o been used to r ecove r l i th ium from sea water 
and hydrothermal water ( 1 7 ) , 
Presence of phosphate group has been found to enhance 
the ion exchange p r o p e r t i e s ( 1 8 , 1 9 ) . Phosphates of Z r ( i v ) , 
T i ( i v ) and S n ( i v ) have been r e p o r t e d as promis ing ion exchan-
gers and they have prepared both in amorphous and c r y s t a l l i n e 
fo rms(2^-22) . Phosphoantimonic acid has very good ion ic 
s e l e c t i v i t y and hirih a d s o r p t i v e power for Ce ions ( 2 3 ) . 
•Since antimony scjl ts have an advantace of being 
e x c e l l e n t ion exchanoe n . a t e r i a i s and phosphates are vjeil 
known ionogenic groups , i t was cons idered worthwhile to 
combine the main f e a t u r e s nf these two and o b t a i n a new 
m a t e r i a l , antimony(v) phosphate which may show some more 
promisinq jon cxchanqe c h a r a c t e r i s t i c s . As the s t u d i e s 
show t h i s m a t e r i a l ap -ea r s to be usefu l in sonie important 
p o l l u t a n t s e p a r a t i o n s . 
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Industrial effluents from electroplating plants 
and iron galvanising plants pollute the source of water 
with cadmium. Experiments on animals have shown that minute 
amounts of cadmium can give' rise to nephrotoxic and cardio-
vascular changes. Cadmium tends to accumulate in liver, 
kidneys, pancreas and thyroid gland of human beings. Mercury 
enters water supplies through pollution by effluents from 
alkali (NaOH) or pesticides(containing mercury) manufacturing 
plants. Wercury salts are hiqhly toxic and are a cumulative 
type of poison. Mercury discharged in water gets concentrated 
through food chains and fish obtained from water polluted 
by mercury can cause harm to consumers. It affects the nervous 
system and finally the brain. 
Following pages summarize the initial studies such 
as synthesis of both amorphous and crystalline materials, 




R e a g e n t s 
A n t i m o n y ( v ) c h l o r i d e used in t h i s s t u d y was of /x^ 
98% p u r i t y o b t a i n e d from FLUKA ( S w i t z e r l a n d ) and t h e t r i -
sodium o r t h o - p h o s p h a t e was a B.D.H. Poole ( E n g l a n d ) p r o d u c t . 
A l l o t h e r r e a g e n t s and ch iemica is were of AnalaR g r a d e . 
A p p a r a t u s 
A p o a r a t u s used i n t h i s s t u d y a r e g i v e n be low : 
S .No. S t u d i e s made I n s t r u m e n t used and i t s model/make 
1 . I n f r a r e d a b s o r p - Beckman IR-20 s p e c t r o p h o t o m e t e r 
t i o n s t u d i e s 
2 . pH m e a s u r e m e n t s p H - m e t e r , Wodel L I - 1 0 , E I i c o ( I n d i a ) 
3 . C o l o r i m e t r y Bausch and Lomb S p e c t r o n i c - 2 0 
s p e c t r o p h o t o m e t e r . 
4 . Atomic a b s o r p t i o n Pye Unicam model SP-2900 
s t u d i e s 
5 . X-ray s t u d i e s P h i l i p s X-ray U n i t u s i n g a Mo-K^ 
T a r g e t 
6. Thermogravimetric Thermobalance consisting of a Cahn 
studies RG Hlectrobalance (Model 2050) 
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Prepa ra t i on of the r eagen t s o l u t i o n 
A s tock s o l u t i o n (1.58M) of ant imony(v) ch lo r ide 
(SbCl^) was prepared in 4 M HCl, Fur the r d i l u t i o n s of the 
de s i r ed c o n c e n t r a t i o n s were a l s o made by 4 M HCl. Tri-sodium 
o r tho -phospha te (Na-,PO . 12 HO) was d i s s o l v e d d i r e c t l y in 
deminera l i zed water (DMW). 
Synthes i s of the ion exchange m a t e r i a l 
Various sar-ples of antimony(v) phosphate were p r e -
pared by va ry ing the c o n c e n t r a t i o n s of mixing s o l u t i o n s as 
given in t a b l e 2 . 1 , and the pH of the r e s u l t i n g gel was 
f ixed in the ranoe 0 - 1 , by adding ammonia s o l u t i o n (NH.OH) 
with c o n s t a n t s t i r r i n g . The g e l thus o b t a i n e d was kept 
for 24 hours a t rcom tempera tu re {/-^SO C) and f i l t e r e d by 
s u c t i o n . The excess ac id was ren^oved by washing v/ith DMW 
and the m a t e r i a l was d r i e d in an a i r over at/N^45 C. I t was 
then cracked i n t o smal l g r a n u l e s by p u t t i n g in DMW, and t h e s e 
were conver ted i n to the H - form by t r e a t i n g with 1 M 
HNO^  for 24 hours with o c c a s s i o n a l s h a k i n g , i n t e r m i t t e n t l y 
r e p l a c i n g the supe rna t an t l i q u i d with a f r e sh a c i d . The 
m a t e r i a l thus obta ined was f i n a l l y washed to remove the 
excess ac id and dri^^-d a t 45°C. The exchanger beads are thus 
ready for f u r t h e r s t u d i e s . On the b a s i s of i t s apparent 
chemical s t a b i l i t y , appearance and Na - i o n exchange c a p a c i t y , 
sample - ' S b P - a - G ' was s e l e c t e d for a l l the s t u d i e s . The 
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r ep roduc ib i l i t y was checked by preparing the sample several 
times followinq the same procedure. 
In order to prepare a c r y s t a l l i n e m a t e r i a l , the 
sample - •SbP-a -3 ' was refluxed in the mother l iquor and 
in H-PO. for bO and 100 hours r e spec t i ve ly . The mater ial 
prepared by ref luxing in mother liquor was obtained as 
powder end could not be used in column. I t s jon exchange 
capacity was^therefore, determined by the batch process and 
i s reported in table 2 .2 . Because of i t s powdery character , 
the mater ia l was not su i t ab le for column opera t ion . On the 
basis of X-ray study, sample -SbP-C-2 was se lec ted for 
further s t u d i e s . The ma te r i a l refluxed in H^ PO^ ^ , however, 
dissolved during the opera t ion . 
Ion exchange capacity ( i . e . c . ) 
The ion exchange capaci ty was determined as usual 
by the column process taking 1 g of the exchanger (H"^-form) 
in a glass tube of i n t e r n a l d iamete r ' ^ l cm, f i t t e d with the 
glass wool at i t s bottom and maintaining avery slow flow 
ra te (^^0,5 ml/min). The t o t a l volume of the eluant necessary 
for a complete e lut ion of H - ions was 250 ml. In case of 
the sample -SbP-c-2, capocity wns detern^ined by the batch 
process. Table - 2.3 sumrarizes the value of i . e . c . for 
various metal ions . 
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TABLE - 2 , 1 
SYNTHESIS OF VARIOUS SAMPLES OF ANTIMONY(V) PHOSPHATE 
AS CATION EXCHANGER 
Sample M i x i n a C o n c e n t r a - C o n c e n t r a - Na - I o n Appearance 
Noo R a t i o ion of t l o n of Exchange 
( S b t P O . ) an t imony(V) t r i s o d i u m c a p a c i t y 
• c h l o r i d e o r t h o p h o - ( m e g / d r y 
volume p h a t e g ) ' 
S b P - a - l 1:1 
S b P - a - 2 1:1 
S b P - a - 3 1:1 
S b P - a - 4 1:1 
S b P - a - 5 2 : 1 















l o 7 5 Glassy 
2.00 '/Vhite Powder 
lo50 I'/hite Powder 
1„40 Glassy 
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TABLE - 2 . 2 
SYNTffESIS OF CRYSTALLINE ANTIMONY(V) PHOSPMATE FROM 
THE SAMPLE NO. S b P - a - 3 REFLUXED IN THE MOTHER LIOUOR 
Sample R e f l u x i n g N a - i o n exchange A p p e a r a n c e 
No, Time c a p a c i t y 
( m e q / d r y g) 
5 b P - c - l 50 h o u r s 2 . 1 0 V/hite powder 
S b P - c - 2 100 h o u r s 2 . 1 0 V/hite powder 
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TABLE - 2 , 3 
ION EXCI'ANGE CAPACITY OF ANTIMONY(V) PHOSPHATE 
FOR VARIOUS METAL IONS 
S.No. M e t a l S o l u t i o n s Ion exchange c a p a c i t y ( m e g / d r y g) 
S b P - a - 3 S b P - c - 2 
1 . L iCl 1 .81 1.90 
2 . KCl 1 ,83 1.90 
3 . NaNO^ 1 .75 2 , 1 0 
4 . NH^NO^^  1,56 1.70 
5< MgCNO^)^ 1 .35 1„85 
6 , Ca (N03)^ ; L . 2 5 1 ,75 
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Effect of e l uan t c o n c e n t r a t i o n on l . e . c . 
The ex t en t of e l u t i o n was found t o be dependent on 
the c o n c e n t r a t i o n of tfie e l u a n t . Hence, a f ixed volume 
(250 ml) of NaNO_ s o l u t i o n of varying c o n c e n t r a t i o n s was 
passed through the column c o n t a i n i n g 1 g of the exchanger 
keeping the s tandard ( 0 . 5 ml/min) flow r a t e and e f f l u e n t 
was t i t r a t e d aga ins t a s t anda rd a l k a l i s o l u t i o n for the H''' 
ions e l u t e d o u t . Table 2 . 4 shows the amount of H"*" ions 
e l u t e d out by using the e l u a n t of d i f f e r e n t c o n c e n t r a t i o n s . 
E lu t ion behaviour : 
The column c o n t a i n i n g 1 g of the exchanger in H 
form was e Lutnd with 1 M NaNO- s o l u t i o n having the s t andard 
flow r a t e <>5 r-ibove £inri s e v e r a l 10 ml f r a c t i o n s of the 
e f f l u e n t were co l l rc t f^d . They were t i t r e t e d a g a i n s t a s t andard 
NaOH s o l u t i o n rb usua l for the H"*" ions r e l e a s e d . The t o t a l 
volume was fixed as 250 ml . Figure 2^.1 shows the e l u t i o n 
behaviour of the exchanger . 
Chemical s t a b i l i t y 
The s o l u b i l i t y of antimony(V) phosohate in va r ious 
s o l v e n t s was determin^'d by the method given below : 
250 mg of the m a t e r i a l was kept wi th 25 ml of the 
so lven t for 24 hours a t room tempera tu re with i n t e r m i t t e n t 
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TABLE - 2 . 4 
EFFECT OF ELUANT OONCENTRATICN ON ION EXCHANGE CAPACITY 
S I . C o n c e n t r a t i o n of 
NaNO 
I , E . G . ( m e q / d r y g) 
SbP~a-3 S b P - c - 2 








0 . 5 M 
0 . 6 M 














2 . 0 0 
2 . 1 
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shaking. Antimony and phosphate were determined quantitatively 
in supernatant licuid spectroohotometrically by the methods 
given below : 
Determination of Antimony 
To the 2 ml of the above solution were added 16 ml 
of 18 N HjSO^ and 5 ml of KI reagent (11.2 g of KI + 2g of 
ascorbic acid in 100 ml DMW)-. The colour so developed was 
diluted 10 ml with DMW in a standard volumetric flask and 
absorbance was monsured after 2-3 minutes at 425 mja against 
a reagent blank(24). 
Determination of Phosphorus 
A tea-spoon full carbon black or animal charcoal was 
added to the samole solution (10 ml) followed by ICX) ml 
of 0.5M NaHCO solut ion. The contents of the flask were 
shaken for 30 minutes on a mechanical shaker and then 
filtered through a Whatman No. 42 filter paper. 15 ml of 
the filtrate were taken in a 25 ml volumetric flask and 5 ml 
of the ammonium molybdate solution (1.5g ammonium molybdate 
+ 100 ml of 3.2N JlCl + 5 ml cone. ffCl) were added to it. The 
sides of the flask were washed with DWW and the solution 
was shaken thoroughly. 1 ml of a SnCl2 solution (10 g. 
SnCl^ . 2H2O dissolved in 25 ml of cone. HCl diluted to 
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1320 ml with HMW) VJE-S adrjed and volume was made upto the 
mark. The absorbance of the blue colour was recorded- a t 
660 m)i a g a i n s t a r eagen t blank prepared in the s i m i l a r 
manner (2b) . Tnblc 2 .5 summarizes the r e s u l t s . 
pH t i t r a t i o n s 
pH t i t r a t i o n s were performed by t h e method of Topp 
and P e p p e r ( 2 6 ) . bOO mg of the exchanger were placed in each 
of t h e s e v e r a l 2 ^ ml c o n i c a l f l a s k s , fol lowed by the e q u i -
molar s o l u t i o n s of a l k a l i me ta l c h l o r i d e s and t h e i r hydroxides 
in d i f f e r e n t volume r a t i o s , the f i n a l volume being 50 ml t o 
main ta in the ion ic s t r e n g t h cons t an t s The pH of the s o l u t i o n s 
was recorded a f t e r e q u i l i b r i u m and was p l o t t e d a a a i n s t t h e 
m i l l i e q u i v a l e n t s of t he 0H~ ions added as shown in f i g u r e s 
2.2 and 2 . 3 . 
Thermal s t a b i l i t y 
S e v e r a l 1 g p o r t i o n s of the exchanger were heated a t 
var ious t empera tu res in a muffle furnace for 1 hour each , and 
the i . e . c . was determined a f t e r coo l ing them t o the room 
t e m p e r a t u r e . The r e s u l t s a re shown in t a b l e 2 . 6 . 
I .R . s t u d i e s 
The m spectra of antimony(V) phosphate were taken by 
the KBr Disc method as shown in figures 2.4 and 2.5. 
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TABLF. - 2 . 5 











1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
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l . O M NaOH 
O . I M KOH 
l . O M KOH 
DM'A 1 
Amount d i s s o l v e d in ppm 
Antimony 
: ; b P - a - 3 
2 . 4 1 
3 . 1 5 
1 .18 




2 . 7 8 
3 . 6 1 
5 . 1 8 
0„56 
2 . 9 6 
D . / v . 
1 8 . 5 1 
D„A. 
0 . 7 0 
: ;bP-c-2 
1.45 
2 . 2 0 
0 . 7 5 
0 , 9 7 
2 . 6 5 
2 , 8 0 
3 . 1 5 
1.37 
2 . 0 0 








S b P - a - 3 
5 . 3 3 
6 . 9 9 
2 , 6 7 
3.33 
5 . 0 0 
6 . 6 7 
1 8 . 6 6 
7 . 6 7 
1 3 . 6 7 
9 .67 
1 ,33 
7 . 0 0 
D.A. 
4 9 , 9 9 
D.A. 







3 , 4 5 
4 .66 
5 . 8 5 
2 , 7 7 
4 . 5 0 
5 . 8 1 
N.D, 
3 , 6 1 
D.A. 
1 0 , 9 5 
D.A. 
N,D, 
* N.D. = Not detectable 
** D.A. = Dissolved apnreciably 
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TABLE - 2 . 6 
EFFECT OF TEMPERATURES ON ION EXCHANGE CAPACITY OF ANTIWONY(V) 






Na - ion exchange 
capt ic i ty (meq/dry g) 
SbP-a-3 SbP-c-2 
% Retention 
ibP-a-3 I Sbp-c-2 
Appearance 
Sop-a-3 SbP-c-2 
1. 45 1.75 2.10 100 100 Colour 
less 
White 
2. 100 1.75 1.80 100 85.7 Dirty 
White 
Whiti 




















N O O H / N Q C I 
A-— Li OH/L i CI 
X 
a. 
0 0-2 0-U 0-6 0-8 1-0 1-2 1-4 1-6 1-8 2-0 2-2 2-4 
m. moles ot OH" odded—*~ 
FIG-2.2 EQUILIBRIUM pH TITRATIOKl CURVES OF ANTIMONY (V) 
PHOSPHATE CATION EX C HAN G E R.( SbP-a-3 ) 
66 
PH 
KOH / K C I 
NaOH/NaCI 
L iOH/L IC l 
0-0 0-2 0-6 1-0 1-4 _1-8 2-2 
m.moles of OH"added—^ 
2-6 
FIG. 2.3 EQUILIBRIUM pH TITRATION CURVES OF ANTIMONY(V) 
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Thermoqravimetric s tud ies 
TGA curves shown in figure 2.6 are for the samples 
SbP-a-3 and 5bP-c-2. The DTA and DTG curves of the SbP-a-3 
sample are shown in f igure 2 ,7 . 
Chemical composition 
Antimony and phosphate in the exchanger were determined 
co lo r ime t r i ca l ly as well as by the atomic absorption s p e c t r e -
's 
photometry. The molar r a t i o of Sb and PO. was found to be 
^ 4 : 3 . 
Dis t r ibu t ion studies 
Dis t r ibut ion s tud ies were performed on samples of 
antimony(V) phosphate for d i f ferent mf'tol ions in various 
solvents as follows : 
250 mg of the exchanger beads in H"*" form were 
equ i l ib ra ted with the se l r c t ed solvents e i t h e r by shaking 
3-4 hours or keeping i t at room temperature for 24 hours . The 
i n i t i a l metal ion concentrat ion was so adjusted that i t may 
not exceed 3% of the t o t a l ion exchange capacity of the 
mater ia l and the determination were car r ied out volumetr ical ly 
using EDTA as t i t r a n t (27) while the concentrat ion of a l k a l i 
metal ions w.s det.imined by the flame photometer. 
The y^ values . s summarized in t ab l e 2.7 were obtained 
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TADUl - 2 . 7 
K^ VALUES OF SOME CO/.',MC.M METAL lOMf. ON AMTIWONY(V) 





^^ v a l u e s 
0.0IW HNO, O.IM f{NO, O.OIM HCIO. O.IW HCIO. 
M g ( I I ) 
C a ( I I ) 
S r ( I I ) 
B a ( I I ) 
C d ( I I ) 
P b ( I I ) 
F e ( I I I ) 
C u ( I I ) 
N i ( I I ) 
Z n ( I I ) 
M n ( I I ) 
H g ( I I ) 
AlClII) 
N a ( I ) 
K ( I ) 
C s ( I ) 
3 8 8 , 0 
2 0 7 . 0 
2 4 3 , 3 
4 0 0 . 0 
1860O„O 
1 9 5 0 . 0 
1 1 0 6 . 0 
3 1 8 . 0 
3 7 0 . 0 
1 8 4 0 » 0 
7 6 2 . 0 
1 2 4 0 0 . 0 
5 6 . 2 0 
2 5 0 . 0 
3200oO 
9QC.C 
6 3 . 7 0 
1 4 1 „ 5 0 
1 3 6 . 1 0 
l lOoOO 
3 6 4 0 . 0 0 
626 o a i 
2 7 8 . 0 0 
2 4 6 , 2 0 
6 6 . 0 0 
428.0C1 
3 7 6 . 0 0 
2 8 4 6 . 0 0 
4 0 , 7 0 
6 0 . CX) 
160O . 0 0 
4 5 0 , 0 0 
59 ,OO 
9 4 . 0 0 
5 3 . 3 0 
9 8 , 0 0 
6 4 8 c 0 0 
1 6 1 . 0 0 
8 5 . 0 0 
1 2 1 , 2 0 
2 8 . 0 0 
3 9 4 . 0 0 
5 0 . 3 0 
4 5 5 . 5 0 
2 6 . 0 0 
1 6 . 6 0 
7 0 0 , 0 0 
2 3 3 . 3 0 
1 4 7 . 0 0 
6 9 , 2 0 
1 5 5 , 0 0 
5 0 , 5 0 
6 7 5 . 0 0 
1 7 6 . 0 0 
3 4 . 0 0 
144,OXD 
2 4 . 9 0 
3 1 6 , 0 0 
2 4 7 . 3 0 
3 5 4 . 5 0 
5 2 . 0 0 
2 5 . 0 0 
7 5 0 , 0 0 
6 0 0 . 0 0 
1 9 . 5 0 
4 0 . 6 0 
4 0 . 0 0 
4O.00 
1 2 0 , 0 0 
2 1 . 0 0 
4 5 . 0 0 
4 5 . 0 0 
lb. AC. 
4 2 . 5 0 
6 7 . 2 0 
9 0 . 0 0 
2 6 . 0 0 
1 2 . 5 0 
1 4 2 , 8 0 
4 0 0 , 0 0 
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Kp = L^i-L . V (ml/g) 
^ F A 
where -
I = I n i t i a l amount of the meta l ion in the 
so lu t i on phase . 
F = F ina l amount of the metal ion in the 
s o l u t i o n phase 
V = Volume of the s o l u t i o n (ml) 
A = Amount of t h e exchanger (g) 
Separat ions achieved 
The 60 - 100 mesh s i zed p a r t i c l e s of the exchanger 
(2g . ) in H"*" form were used for the column s e p a r a t i o n in 
a g l a s s tube having an i n t e r n a l d iameter of''^>'0,6 cm. The 
column was washed tho rough ly with DMW and t h e mixture t o be 
s epa ra t ed was loaded on i t , m a i n t a i n i n g a flow r a t e of/^^2-3 
d rops /min . The s e p a r a t i o n was achieved by pass ing a s u i t a b l e 
so lvent through the column as e luan t and the metal ion in the 
e f f l u e n t were determined q u a n t i t a t i v e l y by EDTA t i t r a t i o n s . 
The s a l i e n t fe.-.turf s of the s e p a r a t i o n of Cd( I I ) and Hg(II) 
from o the r metal ions ( f i g 2 .8 - 2.11) on antimony(V) 
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DISCUSSION 
Antimony(V) phosphate prepared in t h e s e s t u d i e s 
both in c r y s t a l l i n e and amorphous forms, shows a ca t ion 
exchange c a p a c i t y comparable with o t h e r m a t e r i a l s of t h i s 
c l a s s , p a r t i c u l a r l y antimony s i l i c a t e p repared e a r l i e r in 
these l a b o r a t o r i e s ( f i g u r e - 2 . 1 2 ) . The mat ( - r ia i s i l l u s t r a t e 
high r e p r o d u c i b i l i t y in i t s ion exchange behaviour fnd good 
chemical and thermal s t a b i l i t y ( ' lables 2 . 5 and 2 . 6 ) . A s tudy 
of the t he rma l s t a b i l i t y of t h e s e m a t e r i a l s have a l so shown 
an encourag ing f e a t u r e of the compounds. Table 2.6 and f i gu re 
2 .13 show the percen t r e t e n t i o n of t h e ion exchange c a p a c i t y 
of amorphous antimony(V) phosphate i s about 35 even a t 
400°C but in case of c r y s t a l l i n e m a t e r i a l , almost a l l ion 
exchange c a p a c i t y i s l o s t a t t h i s t e m p e r a t u r e . At 200 C 
the amorphous m a t e r i a l shows an i n c r e a s e in the ior exchange 
c a p a c i t y (r^20%) which exceeds a l l o t h e r m a t e r i a l s as per 
f i gu re 2 . 1 2 . I t i s a p e c u l i a r and unusual behaviour of t h i s 
m a t e r i a l . C r y s t a l l i n e m a t e r i a l (SbP-c-2) does not show t h i s 
b e h a v i o u r . In t h i s way we find t h a t amorphous antimbny(V) 
phosphate has shown s u p e r i o r i t y over the c r y s t a l l i n e one as 
far as t he rma l t r e a tmen t i s concerned. 
The column e l u t i o n behaviour i n d i c a t e a dependence 
of t h e c o n c e n t r a t i o n of the e luan t on the r a t e of e l u t i o n 
as given in t a b l e 2 . 4 . As usua l the minimum molar concen-
t r a t i o n of NaNO^ as e l u a n t i s IM for maximum e l u t i o n of 
H ions from a column of 1 g of antimony(V) phosphate . 
Figure 2»1 shows th-?.! e l u t i o n r a t e i s q u i t e f a s t . I t i s 
observed t h a t aJmost a l l H"^  ions are r e p l a c e d in the f i r s t 
80 ml of the e l u a n t . 
The pH t i t r a t i o n curves obta ined under the e q u i l i -
brium c o n d i t i o n s are shown in f igure 2 .2 and 2 .3 for the 
LiOH/LiCl, NaOH/MaCl and KOH/KCl s y s t e m s . I t i s observed 
t h a t a complete n e u t r a l i z a t i o n of the amorphous m a t e r i a l 
(F ig . 2 .2 ) i s achieved by adding/^^l ,2 m. moles of 0H~ ions 
t o the system c o n t a i n i n g 500 mg of the ion exchanger ( S b P - a - 3 ) , 
The cu rves show another i n f l e c t i o n po in t a t ^ ^ l . 8 m. moles 
of the OH"" ions added beyond which h y d r o l y s i s o c c u r s . The 
exchange r a t e s are in t h e order Na < K < Li in the a c i d i c 
range while a r e v e r s a l (Li < K < Na ) in the bas ic pH r a n g e . 
However, t h e r a t e of the H'^-Li exchange i s slower than the 
H"^  - Na"*" or H"*" - K"*" exchanges throughout the whole pH r a n g e . 
pH t i t r a t i o n curves for c r y s t a l l i n e m a t e r i a l i n d i c a t e t h a t 
r a t e of exchange i s f a s t e r than t h a t of amorphous m a t e r i a l . 
Here a complete n e u t r a l i z a t i o n i s achieved by addingA^O.TB m. 
moles of OH" i o n s . Another i n f l e c t i o n po in t a t 1.8 m. moles of 
0H~ added i s observed in t^lis case a l s o . 
The I .R. s p e c t r a ( f i g u r e s 2 .4 and 2 .5 ) show the 
var ious peaks a t app. 750, 1050, 1200, 14CO, 1600 and 3300 cm~ . 
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The peaks observed at 750 and 1050 are ind ica t ive of the 
metal oxygen s t re tch inq vibra t ions while those appeared 
at 1200 and 14O0 are due to the presence of phosphate groups. 
The presence of water of c r y s t a l l i z a t i o n i s indicated by the 
peaks a t app. i6O0 and app. 3300 cm" . The peaks at 1600 Cm" 
are also indica t ive of the strongly hydrogen bonded OH or 
extremely strongly coordinated H^O. On heat ing the sample 
(SbP-a-3) at various temperatures the peak i n t e n s i t i e s are 
affected as si own in f igure 2 .4 . A sample heated upto 800 C 
gives only throe peaks, represen ta t ive of simply the antimony 
oxide and the water of c r y s t a l l i 2 a t i o n ( 2 8 ) , The X-ray s tudies 
reveal the c r y s t a l l i n e behoviour of the mate r ia l refluxed for 
100 hours (sample SbP-c-2) as the peaks are observed in the 
X-ray powder d i f f rac t ion pa t t e rn . Sharpness of IR peak in t en -
s i t i e s (f igure 2.5) is due to i t s regular s t r u c t u r e . 
On the basis of chemical a n a l y s i s , pH t i t r a t i o n s , 
IR spectra and TGA. r e s u l t s of the ma te r i a l (SbP-a-3) point 
to the following emperical formula : 
(Sb^O^)^ . (H3PO^)3 . nH20 
If it is assumed that the external water is lost at 200°C 
(figure - 2.6) then on the basis of the thermogravemetric 
studies we have the following expression for the number of 
external water molecules per molecule of the material, n 
83 
1800 n ^ ^ 
M + 18 n 
where x is the percent woiqht loss at 200°C and M is the 
molecular weight of the exchanger excluding the external 
water molecules. It gives the value of n as 10,6. 
Flguro 2.7 gives the DIG and DTA curves showing the 
decomposition of antimony phosphate. As it is clear from the 
DTG curve the rate of change of weight is quite sharp at 
500°C indicating the weight loss due to the condensation 
process as follows : 
(Sb^O^)^ (H3P04)3 _ _ ^ 255^0^+ | P2O3 ^ 9/2 H^O 
This process accounts for a further loss of 4.5 H^O molecules 
from a molecule of the exchanger giving rise to a total weight 
loss at this temoerature as app, 23% as shown by the Thermo-
gram. The DTA curve shows an endothermic peak near 100 C as 
the sample requires energy to break bonds in the elimination 
of the external water molecules. 
The most important feature of the amorphous material 
is its great affinity for two chief polluting metals - cadmium 
and mercury. It can remove these metals from water selectively 
The column experiments in laboratories have very well illus-
trated the separation of Cd(II) and Hg(II) from other metal 
ions such as Cu(II), Fe(III), Ni(II), Mg(II), Ba(II) and 
84 
Ca(II).Tables 2.8 and 2.9 summarize the essential features 
of these separations. The crystalline material (SbP-c-2), 
being a powder, is not suitable for column use, though its 
distribution coefficients for various metal ions are quite 
comparable with the amorphous one. The mateiial, thus, shows 
a great promise in the field of pollution studies. 
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CHAPTER . 3 
ION EXCHANGE EQUILIBRIA ON A^ Jr IMOIY (V) PHOSPHATE 
FOR METAL , H ( I ) AND H( I ) ~ A^ .ETAL EXCHANGES; EVALUA. 
TION OF VARIOUS THERMODYNAMIC PARAMETERS PCR THE 
EXCHANGE OF VARIOUS METAL IONS ON H S SURFACE 
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INTRODUCriON 
I n o r g a n i c ion exchange m a t e r i a l s a r e well known for 
t h e i r h igh r e s i s t a n c e a t e l e v a t e d t e m p e r a t u r e s and under 
s t rong r a d i a t i o n s . A l so , they a re h i g h l y s e l e c t i v e f o r me ta l 
i o n s . S ince they are r e c e i v i n g a g r e a t a t t e n t i o n (1 ,2) now 
a days in a n a l y t i c a l c h e m i s t r y , i t i s i m p o r t a n t t o have a 
t h e o r e t i c a l exp l ana t i on of the ion exchange p rocesses o c c u r -
r i n g on t h e i r s u r f a c e s . Thermodynamics i s t h e fundamental 
approach in t h a t d i r e c t i o n . 
Although the thermodynamics of exchange on c r y s t a l l i n e 
ion exchangers i s we l l known, such a s t u d y on amorphous 
phases has not been w e l l done . I t may be because of a l e s s 
def ined phase p r e s e n t in such m a t e r i a l s . E a r l i e r thermodynamic 
s t u d i e s have been on t h e v a r i o u s m a t e r i a l s such as amorphous 
and c r y s t a l l i n e zirconium phosphate ( 3 - 1 0 ) , c r y s t a l l i n e 
t i t a n i u m phosphate ( 1 1 ) , amorphous cerium p h o s p h a t e ( l 2 ) , t i taniu'^ 
and vanadium o x i d e ( l 3 ) , t i n oxioe ( l 4 ) , manganese and n i c k e l 
t u n g s t a t e s ( I s ) , z i rconium a r s ena t e ( 1 6 ) , t an ta lum a r s e n a t e ( l 7 ) . 
i ron a n t i m o n a t e ( l 8 ) , c r y s t a l l i n e an t imonic a c i d ( l 9 ) , c r y s t a l l i m 
antimony s i l i c a t e ( 2 0 ) , and zirconium p h o s p h o s i l i c a t e ( 2 l ) . 
However, such s t u d i e s have most ly been performed 
fo r a l k a l i and a l k a l i n e e a r t h meta l ions and t h a t too f o r 
the Me ta l -H( I ) exchanges i , e , the exchanger was taken in the 
H(I) form and sub jec ted t o t h e ion exchange with a 
etal I o n . The fo l lowing c h a p t e r summarizes a d e t a i l e d m 
91 
and systematic thermodynamic study for the exchanges of 
Na*, K"^ , V.g "^^ , Ca^ "*", S r ^ , C u ^ , Cd^^ and Fe^"^ on antimony(V) 
phosphate cat ion exchanger both for the H(I) - Metal and 
Metal - H( I) exchanges. I t presents a t e n t a t i v e t h e o r e t i c a l 
approach to explain the p r a c t i c a l r e s u l t s obtained on the 
surface of the ion exchanger. 
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EXPERIMENTAL 
Reagents and Chemicals : 
Antiniony(V) c h l o r i d e used in t h i s s tudy was of 
approx imate ly 98?^ p u r i t y ob ta ined from F luka , Swi t ze r l and and 
t r i - s o d i u m o r tho -phospha t e was a B.D.H. Poole (England) product , 
A l l o t h e r r e a g e n t s and chemicals were ' A n a l y t i c a l Reagent ' 
g r a d e , 
Appa ra tus : 
A waterba th i n c u b a t o r shaker having a t empera tu re 
v a r i a t i o n of + 0.5°C was used fo r the e q u i l i b r i u m s t u d i e s . 
D e t e r m i n a t i o n of a l k a l i meta l ions was done on a flame 
pho tome te r . 
S y n t h e s i s of ion exchange m a t e r i a l CSbP-a-3) : 
The ion exchange m a t e r i a l was syn the s i zed by the process 
as d e s c r i b e d in c h a p t e r - 2» I t s ion exchange c a p a c i t y for 
Na"*" i ons has been found t o be 1.75 meq/g . 
Equ i l i b r ium exper imen t s : 
0 , 2 g . p o r t i o n s of the exchanger in H form or in the 
r e s p e c t i v e metal ion form were shaken in va r ious s toppe red 
^o 40 
c o n i c a l f l a s k s a t d e s i r e d t empera tu res (30°/and 50°C) f o r five 
hours with meta l ion s o l u t i o n s (20 ml) having a c o n s t a n t ionic 
s t r e n g t h (0 ,03 M), a d j u s t e d with a p p r o p r i a t e amounts of HNO , 
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Amount of t h e a l k a l i me ta l i ons in the s o l u t i o n were determined 
by the flame photometer . Other meta l i ons and hydrogen ions 
were de te rmined t i t r i m e t r i c a l l y us ing EDTA and NaOH s o l u t i o n s 
r e s p e c t i v e l y as t i t r a n t s . 
Eva lua t ion of t h e thermodynamic parameters : 
The ion exchange p r o c e s s o c c u r r i n g on the exchanger can 
be r e p r e s e n t e d by t h e e q u a t i o n 
""^ "^  ^"^ ., M""*" + nH"*" (1) 
v\^ere M" r e p r e s e n t s the m e t a l i on , n i t s va lency and b a r 
means the ion in the exchanger phase . The e q u i l i b r i u m between 
the i o n i c c o n c e n t r a t i o n i n t h e exchanger and s o l u t i o n phases i s 
expressed as ; 
'^ + C„ ^ = ± \ * Si (2> 
while the equivalent ionic fractions of the metal and hydrogen 
ions in the two phases are calculated from the expressions : 
% = g- ' "w, - c ' '^ - c ' 
"" c 
where C and C are the t o t a l electrolyte concentration in the 
exchanger and solution phases respectively. 
The separation factors (a) and the select ivi ty coeffici-
ents CK>^ ) for the Metal - H(I) and H(I)-Metal exchanges were 
calculated from the following equations, assuming the ra t io 
of the ac t iv i ty coefficients in dilute solutions as unity(22»23). 
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for the Metal-H(I) exchange 
and 
for the H(I)-Metal exchange. 
The thermodynamic constants were then obtained (24) 
from the equation 
InK = Z^ - Z3 + /•"• In K^  d )^ . . . . ( 3 ) 
o 
where ZA and ZQ S^T^ the va lencies of the competing i o n s . The 
i n t e g r a l s were evaluated from the areas under the curve obtained 
by p lo t ing log K^  vs X^  using the t rapezoid ru le (25) , 
Having known the value of InK, the standard free energy 
of exchange (AG°) (26) , standard enthalpy changes (AH°) and 
standard entropy changes (AS**) were ca lcu la ted by the following 
equations : 
AG° = - RT InK (4) 
and AG*^  -AH^ - T A s ^ (6) 
where R i s the universal gas constant and T is the temperature 
in Kelvin, 
Tables 3.1 to 3.18 and Figures 3 . I to 3,8 summarize the 
r e s u l t s of t h i s study. 
TABLE - 3 .1 95 
Values of the equiva lent i o n i c f r a c t i o n s of sodium and hydrogen 
i o n s , separat ion f a c t o r s a n d . s e l e c t i v i t y c o e f f i c i e n t s at 30 , 
40°and 50°C for the Motci.l-4-l(I) exchange on antimony(v)Phosphate, 
S.No. X, Ma X, Na H X H 
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1 0 . 
1 1 . 
0 . 3 3 
0 . 2 9 
0 . 2 9 
0 . 2 6 
0 . 2 4 
0 . 2 1 
0 . 1 9 
0 . 1 5 
0 . 1 0 
0 . 0 5 
0 . 0 0 
0.2V 
0 . 2 6 
0 . 2 5 
0 . 2 3 
• 0 . 2 1 
0 . 1 0 
0 . 1 6 
0 . 1 3 
0 . 0 9 
0 . 0 5 
0.(X^ 
.. 0 . 4 2 
0 . 4 0 
0 . 2 7 
0 . 2 2 
0 . 1 6 
0 . 1 1 
0 . 0 5 
0 . 0 2 
0 . 0 1 
o.ai 
o.co 
0 . 5 1 
0 . 4 5 
0 . 3 6 
0 . 3 0 
0 . 2 2 
0 . 1 6 
0 . 1 0 
0 , 0 4 
0 . 0 2 
0 . 0 1 
0.00 
F6r 3 0 ' 
0 . 6 6 
0 . 7 0 
0 . 7 0 
0 . 7 3 
0 . 7 5 
0 . 7 8 
0 . 8 0 
0 . 8 4 
0 . 8 9 
0 . 9 4 
For 50 
0 . 7 2 
0 . 7 3 
' 0 . 7 4 
0 . 7 7 
0 . 7 8 
0 . 8 1 
0 . 8 J 
0 , r 6 
O.oc^ 
0 . 9 4 
l . o o 
^C 
0 . 5 7 
0 . 5 9 
0 . 7 2 
0 . 7 7 
0 . 8 3 
0 . 8 8 
0 . 9 4 
0 . 9 7 
0 . 9 8 
0 . 9 9 
l .Cn 
0 . 4 9 
0 . 5 4 
0 . 6 3 
0 . 6 9 
0 . 7 7 
0 . P 3 
0.8O 
0 . 0 5 
0 . 9 7 
0„99 
1 . 0 0 
0 . 6 7 




2 . 2 1 
4 .36 




0 . 3 7 
0 . 4 3 
0 . 5 0 
0 . 6 8 
0.9'-. 
1.19 
l . S O 
3.06 
5 . 2 0 















- 0 , 
- 0 , 




























1 0 . 
1 1 . 
^ a 
0 . 3 5 
0 . 2 9 
0 .26 
0 . 1 9 
0 . 2 0 
0 . 1 9 
0 . 1 3 
0 . 1 0 
0 .07 
0 . 0 5 
0 . 0 0 
F o r 















0 . 7 1 
0 .74 
0 . 8 1 
0 .80 
0 . 8 1 
0 .87 
0 .90 
0 . 9 3 


























Ke log K^  
- 0 . 2 3 
- 0 . 2 4 
-0 .16 









TABLE - 3.2 
Values of the equivalent ionic fractions of potassium and 
hydrogen ions, separation factors and selectivity coefficients 
at 30°, 40° and 50°C for the metal-H(I) exchange on antimony(V) 
Phosphate. 





















1 0 . 
1 1 . 
^ i ; 
0 , 3 9 
0 . 3 6 
0 . 3 1 
0 . 3 1 
0 . 2 7 
0 . 2 4 
0 . 2 0 
0 . 1 5 
0 . 1 0 
0 . 0 ' j 
0 . 0 0 
0 . 3 8 
0 . 3 5 
0 . 3 3 
0 . 2 9 
0 . 2 6 
0 . 2 2 
0 . 1 8 
0 . 1 5 
0 . 1 0 
0 . 0 5 
O.OC 
' \ 
0 . 2 9 
0 . 2 5 
0 . 2 1 
0 . 1 2 
C). 08 
0 . 0 4 
0 . 0 2 




0 „ 3 2 
0 . 2 6 
0 „ 2 0 
0 . 1 6 
0 . 1 1 
0 . 0 8 
0 , 0 5 





Fo r 3 0 ° C 
0 . 6 0 
0 . 6 3 
0 . 6 8 
0 . 6 8 
0 . 7 2 
0 . 7 5 
0 . 7 9 
0 . 8 4 
0 „ 8 9 
0 . 9 4 
l . C O 
F o r 5 0 ° C 
0 . 6 1 
0 . 6 4 
0 . 6 6 
0 . 7 0 
0 . 7 3 
0 . 7 7 
0 . 8 1 
0 . 8 4 
0 . 8 9 
0 . 9 4 
l . O O 
^i 
0 . 7 0 
0 . 7 4 
0 . 7 0 
0 . 8 7 
0 . 9 1 
0 . 9 5 
0 . 9 7 
o.^^e 
0„06 
0 . 9 9 
1.00 
0 . 6 7 
0 . 7 3 
0 , 7 9 
0 . 8 3 
O.VQ 
0 . 9 1 
0 . 8 5 
0 „ 9 7 
0 . 9 9 
0 . 9 9 
l . O O 
H c 
1 . 5 6 
1 . 6 7 
1 . 6 6 
3 . 3 2 
4 . 1 6 
6 . 8 9 
1 1 . 4 9 
1 6 . 2 1 
3 1 . 5 2 
9 7 . 0 8 
oo 
1 . 3 2 
1 . 5 2 
1 . 9 6 
2 . 1 9 
2 . 8 2 
3 . 3 3 
4 . 4 8 
7 . 5 8 
1 3 . 9 6 
2 9 . 7 2 
OO 
l o g K^ 
0 . 1 9 
0 . 2 2 
0 . 2 2 
0 . 3 2 
0 . 6 2 
0 . 8 3 
1 .06 
1 . 2 1 
1 . 4 9 
1 . 9 8 
oo 
0 . 1 2 
0 . 1 8 
0 . 2 9 
0 . 3 4 
0 . 4 5 
0 . 5 2 
0 . 6 5 
0 . 8 8 
1 . 1 4 
1 . 4 7 
OO 
96A 











1 0 . 










































































TABLE- 3.3 9" 
Values of the equiva len t ionic f r ac t i ons of magnesium and 
hydrogen ions, sepa ra t ion fac tors and s e l e c t i v i t y coef f ic ien t s 












1 0 . 










1 0 . 
1 1 . 
Mg 
O. iO 
C . l i 
0 . 1 0 
0 . 0 9 
o.os 
0 . 0 7 
0 . 0 6 
0 . 0 5 
0 . 0 5 
0 . 0 3 
0 . 0 0 
0 . 1 2 
0 . 1 3 
0 . 1 0 
0 . 1 2 
0 . 1 2 
0 . 1 1 
0 . 1 1 
0 . 1 0 
U . i O 
O.Ob 





0 . 5 5 
0 . 4 5 
0 . 3 8 
n , 3 5 
0 . 2 3 
0 , 1 9 




0 . 6 6 
0 . 6 1 
0.4B 
0 . 3 9 
0 . 3 2 
0 . 2 6 
0 . 1 0 
0 . 0 7 
o. no 
0 . CX} 
^ ! 
3 0 ° C 
0 . 9 5 
0 . 0 9 
0 . 9 2 
0 . 9 1 
0 . 9 2 
0 . 9 5 
0 . 9 4 
0 , 9 8 
0 , 9 7 
0 . 9 7 
l . O O 
5 0 ° C 
0 . 8 8 
0 , 9 0 
0 , 8 8 
0 . 8 8 
0 „ 8 9 
( . 9 1 
0 . 9 4 
0 . 9 1 
0 . 9 O 
0 . 9 5 
1 . 0 0 
'^ 11 
( ' . 2 0 
C . 4 1 
0 . 4 5 
0 . 5 5 
0 . 6 2 
0 . 6 6 
0 . 7 7 
0 . 7 6 
0 . 8 8 
0 . 9 7 
l . ( X : 
0 . 3 4 
0 . 3 9 
0 . 5 1 
0 . 6 2 
0 .6 .^ 
0 . 7 3 
0 . 7 7 
0 . 9 0 
0 . 9 8 
l .no 
l . ro 
( ^ 0 3 
0\OC 
0 . 0 8 
0 . 1 2 
0 . 1 3 
0 , 1 3 
0 . 2 2 
0 . 2 3 
0 . 3 3 
0 . 9 7 
c» 
0 . 0 7 
0 . 0 9 
0 . 1 5 
0 . 2 2 
0 .2S 
0 . 3 4 
0 . 4 2 
0 . 9 8 





0 . 0 1 
O . f '4 
0 . 0 4 
0 . 0 7 
0 . 0 9 
0 . 0 9 
O.lf. 
0 . 1 9 
0 . 3 0 
0 . 9 7 
oo 
0 . 0 3 
0 . 0 4 
0 . 0 9 
0 . 1 5 
0 . 2 1 
0 . 2 7 
0 . 3 4 
0 . 9 7 
5 . 8 0 
OO 
CO 
i " g K^ 
- 2 . 2 3 
- 1 . 4 1 
- 1 , 3 8 
- r l . 1 5 
- 1 . 0 5 
- 1 . 0 3 
- 1 . 7 4 
- 1 . 7 2 ' 
- 0 . 5 2 
- 0 . 0 1 
oo 
- 1 . 5 6 
- 1 . 3 9 
- l . C ^ 
- 0 . 8 1 
- ( \ 6 7 
- 0 . 5 6 
- 0 . 4 6 
















1 0 . 
1 1 . 
h.g 
0 . 1 7 
0 . 1 2 
0 . 1 2 
0 . 1 0 
0 , 1 0 
0 . 0 8 
0 . 0 8 
0 . 0 6 
0 . 0 5 
0 . 0 3 
o.or 
^ . g 
0 . 6 6 
0 . 6 2 
0 . 5 4 
0 . 4 6 
0 . 4 0 
0 . 3 2 
0 . 1 9 
0 . 0 9 
0 . 0 7 
0 . 0 5 
0 . 0 0 
For 
\ 
0 . 8 3 
0 . 8 8 
0 . 8 8 
0 . 9 0 
0 . 9 0 
0 . 9 2 
0 . 9 2 
0 . 9 4 
0 . 9 5 




0 , 3 4 
0 . 3 8 
0 . 4 6 
0 . 5 4 
0 . 6 0 
0 . 6 8 
0 . 8 1 
0 . 9 1 
0 . 9 3 
0 . 9 5 
1 .00 
0 . 1 0 
0 . 0 8 
0 . 1 1 
0 . 1 3 
0 . 1 6 
0 . 1 8 
0 . 3 7 
0 . 6 4 
0 . 7 0 
0 . 5 8 
CO 
K^ Log K 
c ^ c 
0 , 0 4 
0 . 0 3 
0 . 0 6 
0 . 0 7 
0 . 1 1 
0 . 1 3 
0 . 3 2 
0 , 6 2 
0 , 6 8 
0 . 5 7 
oo 
- 1 . 3 6 
- 1 . 4 4 
- 1 . 2 1 
- 1 . 1 0 
- 0 . 9 5 
- 0 . 8 6 
- 0 . 4 8 
-o.?c 
- 0 . 1 6 
- 0 . 2 4 
oo 
TABLE - 3.4 ^^ 
Values of the equiva len t ionic f r a c t i o n s of calcium and 
hydrogen ions, separa t ion factors and s e l e c t i v i t y coef f i c ien t s 











1 0 , 










1 0 . 
1 1 . 
0 . 4 2 
0 . 4 1 
0 . 3 9 
0 . 3 8 
0 . 3 4 
0 . 3 2 
0 . 2 3 
0 . 1 6 
0 . 1 0 
0 . 0 4 
0 . 0 0 
0 . 6 5 
0 . ^ 9 
O.bG 
0.A9 




O . i l 
o.no 
0 . 0 0 
F 
0 . 2 0 
o.ro 
0 .13 
0 . 1 2 
0 .04 
0 .03 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 0 




' • . O i 
o.(U 
( \ ru 
( • . 0 1 
0.1, O 
(-•.(.'0 
0 . OO 
or 3 0 0 r 
0 . 5 9 
0 . 5 9 
0 . 6 1 
0 . 6 7 
0 . 6 6 
0 . 7 4 
0 . 7 7 
0 . 8 4 
0 . 9 0 




0 . 4 0 
0 . 4 4 
( . 5 1 
I - , ' ' - • 
0 .6 9 
0 . 7 7 
0 . 8 4 
0 . 8 9 
l .OO 
1 .00 
0 . 7 5 
0 . 8 0 
0 . 8 7 
0 . 8 8 
0 . 9 6 
0 . 9 9 
0 . 9 9 
0 , 9 9 
0 . 9 9 
0 . 9 9 
0 . 0 0 
( \ 8 9 
n .92 
o,9r. 
( \ 9 8 
0 . 9 9 
0 . 9 9 
0 . 9 9 
0 . 9 9 
l . ro 
1.(00 
l „CO 
2 . 1 5 
2 . 7 1 
4 .16 
4 . 1 7 
1 1 . 3 7 
1 8 . 3 2 
3 2 . 9 6 
2 1 . 0 8 
10.P.9 





5 9 . 9 1 
72o70 
5 9 . 0 9 






3 . 6 5 
5 .93 
5 . 4 5 
1 6 . 5 4 
2 9 . 3 6 
^ 2 . 3 2 
2 4 . 8 5 
1 1 . 7 4 
3 . 9 8 
oo 
3 9 . 1 6 
42.4-7 
1 1 8 . 8 ? 
113. '^6 
1 1 9 . ;J3 
7 0 . 2 1 
4 1 . 5 7 




0 . 4 4 
0 .56 
0 . 7 0 































1 0 . 























































































TABLE ~ 3.5 99 
Values of the equivalent ionic f r a c t i o n s of strontium and 
hydrogen ions, sepa ra t ion fac tors and s e l e c t i v i t y coef f i c ien t s 
at 30°,40° and 50°C for the V.etal-H(I) exchange on antiniony(V) 
phosphate . 










1 0 . 










1 0 . 
1 1 . 
^ S r 
0 . 2 8 
0 . 2 9 
0 . 2 8 
0 . 2 7 
0 . 2 7 
0 . 2 4 
0 . 2 2 
0 . 1 6 
0 . 1 0 
0 . 0 4 
0 . 0 0 
0 . 7 1 
0 . 6 5 
0 . 5 5 
0 . 4 8 
0 . 4 0 
0 . 3 1 
0 . 2 3 
0 . 1 6 
0 . 1 0 
0 . 0 4 
0 . 0 0 
^ S r 
0 . 3 7 
0 . 2 9 
0 . 2 3 
0 . 1 3 
0 . 1 0 
O.CY) 
0.03 
0 . 0 1 
0 . 0 1 
0 . 0 1 
O.CX) 
0 . 0 8 
0 . o 5 
0 . 0 4 
0 . 0 2 
0 . 0 1 
0 . 0 1 
0 . 0 1 
O.OJ 
0 . 0 1 
0 . 0 1 
0 . 0 0 
^H 
Fo r 3C 
0 . 7 7 
0 . 7 8 
0 . 7 2 
0 . 6 8 
0 . 7 3 
0 . 7 5 
0 . 7 9 
0 . 8 4 
0 . 9 0 
0 . 9 8 
1 . 0 0 
F o r 
0 , 2 9 
0 . 3 5 
0 . 4 6 
0 . 5 2 
0 . 6 0 
0 . 6 9 
0 . 7 7 
0 . 8 4 
0 . 9 0 
0 . 9 5 
l . C O 
>^ H 
l°C 
0 . 6 3 
0 . 6 2 
0 . 7 6 
0 „ 8 7 
0 . 9 0 
0 „ 9 4 
0 . 9 7 
0 . 9 8 
0 . 9 9 
0 . 9 9 
1 . 0 0 
5 0 ° C 
0 . 9 2 
0 . 9 5 
0 . 9 6 
0 . 9 9 
0 . 9 2 
0 . 9 2 
0 . 9 1 
0 „ 9 1 
0 . 9 1 
0 . 9 0 
1 . 0 0 
ST 
0 . 6 7 
0 . 8 0 
1 . 2 6 
2 . 7 0 
3 . 2 2 
5 . 4 3 
9 , 3 2 
1 9 . 7 0 
1 0 . 7 3 
4 . 1 7 
Co 
2 8 . 0 5 
3 7 . 1 3 
2 8 . 0 2 
5 5 . 4 4 
7 6 . 7 6 
4 9 . 9 6 
3 2 o l 6 
1 9 . 6 4 
1 0 . 6 9 
4 . 2 0 
CO 
^ c • 
0 . 5 7 
0 . 6 4 
1 .33 
3 . 4 4 
3 . 9 5 
6 . 8 3 
1 1 . 4 2 
2 3 . 1 3 
1 1 . 7 6 
4 . 1 9 
oo 
8 8 . 2 9 
1 0 1 . 4 5 
5 9 . 0 6 
1 0 5 . 6 6 
1 1 6 . 9 6 
6 6 . 2 6 
3 8 . 1 2 
2 1 . 3 2 
1 0 . 7 4 
3 . 9 6 
OO 
l o g K^  
- 0 . 2 3 
- 0 . 1 9 
0 . 1 2 
0 . 5 4 
0 . 6 0 















0 . 6 0 
oo 
99A 











1 0 . 
1 1 . 
^Sr 
0 . 6 0 
0 . 5 5 
0 . 4 8 
0 . 4 3 
0 . 3 5 
0 . 3 0 
0 . 2 5 
0 . 1 4 
0 . 1 3 
0 . 0 9 
0 . 0 0 
^ S r 
0 . 3 3 
0 . 2 6 
O . y l 
0 . 1 6 
C . l 2 
0 . 0 9 
O . 0 7 
O.Ob 
0 . 0 2 
0 . 0 2 
0 . 0 0 
\ l 
0 . 4 0 
0 . 4 5 
0 . b 2 
0 . 5 7 
0 . 6 b 
0 . 7 0 
0 . 7 b 
0 . 8 6 
0 . 8 7 




0 . 6 7 
0 . 7 4 
0 . 7 9 
0 . 8 4 
0 . 8 8 
0 . 9 1 
0 . 9 3 
0 . 9 5 
0 . 9 8 
0 . 9 8 
1 .00 
Sr 
3 . 0 4 
3 . 4 8 
3 .47 
3 .96 
3 . 9 b 
4 . 3 3 
4 . 4 3 
3.04 
7 . 3 2 
4 . 8 4 
• o 
^ 
5 . 0 9 
5 . 7 2 
5 . 2 7 
5 . 8 3 
5 . 3 9 
5 . 6 3 
5 . 4 9 
3 . 4 1 
8 . 2 4 
5 . 2 2 
oo 
l o g K ^ 
0 . 7 0 
0 . 7 5 
0 . 7 2 
0 . 7 6 
0 . 7 3 
0 . 7 b 
0 . 7 4 
0 . 5 3 
0 . 9 1 
0 . 7 1 
oo 
TABLE ^ 3.6 100 
'Values of equivalent ionic f rac t ions of copper and hydrogen 
ions , s e p a x a t l m f a c t o r s and s e l e c t i v i t y coe f f i c i en t s a t 
30°,40° and 50°C for the Metal-H(I) exchange on antimony(V) 
phosphate. 










1 0 . 










1 0 . 
1 1 . 
^ u 
0 . 7 1 
0 . 8 1 
0 . 6 3 
0 . 6 9 
0.413 
0 . 4 1 
0 . 3 1 
0 . 2 0 
0 . 1 3 
0 . 0 7 
0 . 0 0 
Oe07 
0 . 8 9 
0 , 6 8 
0 . 5 ? 
0 . 4 7 
0 . 3 7 
0 . ? 9 
o . y ? 
0 . 1 3 
0 . 0 6 
0 . 0 0 
^ u 
oai 
0 . 1 0 
0 . 0 7 
0 . 0 7 
0 . 0 5 
0 . 0 2 
0 . 0 1 
0 . 0 0 4 
0 . 0 0 4 
0 . 0 0 
0.(X) 
0 . 0 7 
U,()4 
D.OA 
0 . ()3 
O . 0 2 
O.CXM 
(1,()( '4 






0 . 2 8 
0 . 1 8 
0 . 3 6 
0 . 3 1 
0 . 5 5 
0 . 5 9 
0 . 6 4 
0 . 8 0 
0 . 8 7 
0 . 9 3 
1»00 
For 50° 
( \ 1 3 
0 , 1 1 
0 , 3 2 
0 . 4 8 
0 . 5 3 
0 . 6 2 
0 . 7 1 





0 , 8 9 
0 . 9 0 
0 . 9 3 
0 . 9 3 
0 . 9 5 
0 . 9 7 
0 . 9 9 





0 . 9 3 
0 , 9 6 
0 . 9 6 
0 . 9 7 
0 . 9 8 
O.oo 
0.')') 
l . ' ^ f 
1 . on 
l.vo 
l . i ' O 
Cu 
2 0 , 6 6 
4 0 . 5 4 
2 1 . 6 9 
2 8 . 8 3 
1 4 . 2 7 
27 .06 
4 5 . 3 8 
6 7 . 2 3 
3 8 . 3 0 
oo 
CO 
1 0 3 . 7 3 
1 0 2 . 9 4 
5 1 3 . 4 0 
3 5 . 1 8 
52 .66 







6 5 . 6 7 
2 0 0 . 4 4 
5 4 . 9 0 
8 6 . 6 7 
2 4 . 4 1 
4 4 . 1 1 
6 5 . 1 5 
8 4 . 3 8 
4 4 . 6 1 
OO 
oo 
7 4 2 . 0 7 
1 7 1 1 . 5 1 
1 5 2 . 4 3 
7 1 , 3 7 
9 8 . 9 4 
2 8 8 . 9 3 





l o g K^  
1 .82 










2 . 8 7 
3 . 2 5 





















1 0 . 
1 1 . 
^ u 
0 . 7 8 
0 . 7 2 
0 . 6 5 
0 . 5 6 
0 . 4 7 
0 . 4 2 
0 . 3 4 
0 . 2 5 
0 . 1 6 
0 . 1 1 
0 . 0 0 
^Cu 
0 . 1 8 
0 . 0 9 
0 . 0 6 
0 . 0 4 
0 . 0 4 
0 . 0 2 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 0 
For 
^ 
0 . 2 2 
0 . 2 8 
0 . 3 5 
0 . 4 4 
0 . 5 3 
0 . 5 8 
0 . 6 6 
0 . 7 5 
0 . 8 4 




0 . 8 2 
0 . 9 1 
0 . 9 4 
0 . 9 6 
0 . 9 6 
0 . 9 8 
0 . 9 9 
0 . 9 9 
0 . 9 9 
0 . 9 9 
1.00 
Cu 
1 6 . 1 5 
2 6 . 0 0 
2 9 . 0 9 
3 0 . 5 4 
2 1 . 2 8 
3 5 . 4 8 
5 1 . 0 0 
3 3 . 0 0 
1 8 . 8 6 
1 2 . 2 3 
oo 
^ 
6 0 . 2 0 
8 4 . 5 0 
7 8 . 1 4 
6 6 . 6 4 
3 8 . 5 5 
5 9 . ^ 5 
7 6 . 5 0 
4 3 . 5 6 
2 2 . 2 2 
1 3 . 6 1 
oo 












TABL£ -3.7 101 
Values of the equivalent ionic fractions of iron and hydrogen 
ions, separation fractors and s e l e c t i v i t y coefficients at 
30°,40° and 50°C for the Metal-H(l) exchange on antiinony(v) 
phosphate. 










1 0 . 











1 1 . 
^Fe 
0 . 3 7 
0 , 3 6 
0 . 3 5 
0 . 2 9 
0 . 2 3 
0 , 1 8 
0 . 1 6 
0 . 1 6 
O . l i 
O.O'o 
O.CXI 
0 . 4 6 
0 . 2 9 
0 . 2 6 
0 . 2 6 
0 . 2 5 
0 . 2 2 
0 . 1 9 
0 . 1 4 
0 . 1 3 
0 . 0 6 
o.a^ 
Fe 
0 . 0 9 
C.08 
0„08 
0 . 0 7 
0 . 0 7 
0 . 0 6 
0 , 0 5 
0 . 0 4 
0 , 0 3 
0 , 0 2 
0 . 0 0 
0 . 0 5 
0 . 0 5 
0 . 0 4 
0 . 0 4 
0 . 0 4 
0 .C4 
0 . 0 3 
o.(n 
0 . 0 2 




0 . 6 3 
0.6^1 
0 . 6 5 
0 . 7 1 
0 . 7 7 
0 . 8 2 
0 . 8 4 
0„83 
0 . 8 9 
0 . 9 5 
1 .00 
For 50°C 
0 , 5 4 
0 . 7 1 
0 , 7 6 
0 . 7 8 
0 , 7 8 
0 , 7 8 
0 . 8 1 
n . 8 5 
0 , 8 7 
0 . 9 3 
1 .00 
^n 
0 . 9 1 
0 . 9 2 
0 . 9 2 
0 . 9 3 
0 . 9 3 
0 . 9 4 
0 . 9 5 
0 , 9 6 
0 . 9 7 
0 . 9 8 
1.00 
0 . 9 5 
0 , 9 2 
0 . 9 4 
0 . 9 6 
0 . 9 6 
0 . 9 6 
0 . 9 7 
0 . 9 7 
0 . 9 8 
0 . 9 9 
1 .00 
Fe 
6 . 2 4 
6 . 1 4 
6 . 4 8 
5 . 3 1 
3 . 8 1 
3 . 5 5 
4 . 0 7 
4 . 0 3 
3 . 8 9 
2 . 0 4 
0 0 
1 7 . 9 5 
8 ,36 
7.C6 
7 . 0 1 
7 . 3 0 
7 . 1 8 
7 . 2 0 
5 .22 
8 .18 
7 . 7 8 
CO 
^^ c 
1 3 . 2 4 
1 2 . 7 8 
1 3 , 1 3 
9 , 1 0 
5 . 5 4 
4 . 6 6 
5 . 3 1 
5 . 1 7 
4 . 6 2 
2 . 1 4 
0 0 
5 5 . 3 1 
1 4 . 9 6 
1 0 . 4 7 
1 0 . 4 2 
1 0 . 9 5 
1 0 . 7 5 
1 0 . 4 5 
6 . 7 2 
1 0 . 3 5 
8 . 7 7 
0 0 




0 . 9 6 
0 . 7 4 
0 . 6 7 
0 . 7 2 
0 . 7 1 
0 .66 









0 . 8 3 
1.01 
0 . 9 4 
0 5 
lOlA 
T a b l e 3 . 7 Oontd , 
Fo r 40°C 











1 0 . 















































































TAI3LE , 3 , 8 
V a l u e s of t h e e q u i v a l e n t i o n i c f r a c t i o n s of cadmium and 
hydrogen i o n s , s e p a r a t i o n f a c t o r s and s e l e c t i v i t y c o e f f i c i e n t s 
at 3 0 ° , 40° and 50°C f o r M e t a l - H ( I ) exchange on antimony(V) 
p h o s p h a t e , 
S .No . X^^ Xc, ^ , X^ a^^ K^  , l o g K^  
For 3Q°C 
1 . 0 . 8 5 0 . 0 0 3 0 . 1 2 0 . 9 9 2 0 3 5 . 0 5 1 6 9 3 8 . 3 4 4 . 2 3 
2 . 0 . 7 3 0 . 0 0 3 0 . 2 7 0 . 9 9 7 0 0 . 7 8 2 5 6 4 . 4 7 3 . 8 1 
3 . 0 . 5 8 O.CXD 0 . 4 1 1 . 0 0 ex, ex, » 
4 . 0 . 5 4 0 . 0 0 C,46 1 . 0 0 cc oo c» 
5 . 0 . 4 4 0 . 0 0 0 . 5 6 l.OO » « « 
6 . 0 . 3 6 0 . 0 0 0 . 6 3 1 .00 « «> « 
7 . 0 .26 0 . 0 0 0 . 7 3 1 . 0 0 ~ «, oo 
8 . 0 . 1 9 0 . 0 0 0 . 8 1 1 . 0 0 CO oo oo 
9 . 0 . 0 2 0 . 0 0 0 . 8 8 1 . 0 0 ~ oo » 
1 0 . 0 . 0 6 O.OC^  0 , 9 4 1 . 0 0 oo 
1 1 . 0 . 0 0 0 . 0 0 l.CO l.(X) ~ 
For 50°C 
1 . 0 . 9 0 0 . 0 0 7 0 . 1 0 0 . 9 9 120 .817 1 2 1 4 7 . 8 4 4 .08 
2 . 0 . 8 2 0 . 0 0 3 0 . 1 8 0 . 9 6 1 2 7 1 . 7 4 6 7 2 7 . 3 6 3 . 8 3 
3 . 0 . 6 2 0 . 0 0 0 . 3 8 1 . 0 0 oo 
4 . 0 . 5 0 O.'iO 0 . 4 9 I.CJO OO OO OO 
5 . 0 . 4 3 0„(y0 0 . 5 7 1 .00 ~ oo oo 
6 . 0 . 3 4 O.OO 0 , 5 5 1 .00 ~ <« oo 
7 . 0 . 2 6 O.CX) 0 . 7 4 1 .00 co oo oo 
8 . O a 9 0 . ( 0 0 . 8 0 l.CX^ oo CO oo 
9 . 0 . 1 1 O.OO 0 . 8 8 1 .00 oo CO oo 
1 0 . 0 . 0 5 0.(X1 0 . 9 4 1 .00 «« oo oo 
11. 0.00 0,00 i . a : i .oo «» 
10 2A 
T a b l e 3 . 8 C o n t d . . . . 
For 40°C 
S-No. )^d X^^ XH ^^ «S^ K^ l o g K ^ 
1. 0.88 0.004 0.12 0.99 1815.00 14973.75 4.17 
2. 0.83 0.003 0.17 0.99 1611.17 9382.73 3.97 
3. 0.75 0.001 0.25 0.99 2970.00 11761.20 4.07 
4. 0.61 0.00 0.39 1.00 <» « <» 
5. 0.55 0.00 0.45 1.00 «, « «» 
6. O.4I 0.00 0.59 1.00 0 0 0 0 CO 
7. 0.32 0.00 0.68 1.00 » « « 
8. O.2I 0.00 0.79 1.00 
9. 0.12 0.00 0.82 1.00 00 oe 
10. 0.07 0.00 0.93 1.00 
11. 0.00 0.00 1.00 1.00 0 0 0 0 00 
Table - 3.9 103 
Values of equiva len t Ionic f r ac t i ons of sodium and hydrogen 
ions , separa t ion fac tors and s e l e c t i v i t y coe f f i c i en t s at 
30°, 40° and 50°C for H(I)-Metal exchange on antimony(V) 
phosphate, 










1 0 . 










1 0 . 
1 1 . 
^Na 
l .OO 
0 . 9 6 
0 . 9 4 
0 . 9 2 
0 . 9 1 
0 . 8 8 
0 . 8 9 
0 , 9 5 
0 . 9 6 
0 . 9 S 
0 . 9 8 
l .OO 
0 . 9 6 
0 . 9 3 
0 . 9 3 
0 . 9 2 
0 . 9 3 
0 . 9 4 
0 . 9 b 
0 . 9 7 
0 . 9 8 
0 . 9 9 
Na 
1.0(^ 
0 . 9 6 
0 . 8 8 
0 . 8 4 
< \ 7 0 
0 . 6 8 
0 . 5 7 
0 . 4 4 
0 . 3 4 
0 . 2 7 
0 . 1 7 
i . a > 
0 . 9 6 
0 . 9 0 
0 . 7 9 
0 , 7 2 
0 . 6 2 
0 . 5 2 
0 . 4 1 
0 . 3 3 
0 . 27 




0 . 0 3 
0 , 0 5 
0 , 0 7 
0 . 0 8 
0 . 1 1 
0 . 1 0 
0 . 0 4 
0 . 0 5 
0 . 0 3 
0 . 0 0 
For 50°C 
0 . 0 0 
0 . 0 3 
0 .06 
0.C:'6 
0 . 0 7 
0 . 0 7 
0 . 0 5 
O.04 
0 . ( ' 5 
0 . 0 2 
0 . 0 1 
^H 
0 . 0 0 
0 . 0 4 
0 . 1 1 
0 . 1 7 
0 . 2 4 
0 . 3 1 
0 . 4 2 
0 . 5 0 
0 . 6 5 
0 . 7 2 
0 . 8 2 
O.OO 
0 . 0 3 
0 . 0 9 
0 . 2 0 
0 . 2 8 
0 , 3 7 
0 . 4 7 
0 . 5 6 
0 . 6 6 
0 . 7 3 
0 . 7 9 
oo 
0 . 8 5 
0 . 4 5 
0 . 3 9 
0 . 3 0 
0 . 2 7 
0 . 1 5 
0 . 0 3 
0 . 0 3 
0 . 0 1 
0 . 0 5 
CO 
1.07 
0 . 6 2 
0 .26 
0 . 2 1 
0 . 1 2 
0 . 0 6 
0 . 0 3 
0 . 0 2 
0 . 0 4 
0 . 0 6 
l o g K^  
oo 
- 0 . 0 6 
- 0 , 3 4 
- 0 , 4 0 
- 0 , 5 2 
- 0 , 5 6 
- 0 . 8 1 
- 1 . 4 4 
- 1 . 4 5 
- 1 . 9 3 
- 1 . 2 3 
OO 
0 . 0 3 
- 0 . 2 0 
- 0 . 5 7 
- 0 . 6 6 
- 0 . 9 0 
- 1 . 1 9 
- 1 . 5 0 
- 1 . 5 7 
- 1 . 3 3 
- 1 . 1 8 


















1 0 . 



































































TABLE . 3.10 -^ ^^ 
Values of the equ iva len t ionic f r ac t i ons of potassium and 
hydrogen i ons , separa t ion fac tors and s e l e c t i v i t y coe f f i c i en t s 













1 0 . . 










1 0 . 
1 1 . 
\ 
1 .00 
0 . 9 6 
0 . 9 3 
0 . 9 2 
0 , 9 2 
0 . 9 4 
0 . 9 6 
0 . 9 7 




0 , 9 6 
0 , 9 3 
0 . 8 0 
0 . 9 : ! 
0 . 9 3 
0 . 9 1 
0 , 9 7 
0 . 9 8 
0 . 9 8 






0 . 8 3 
0 , 7 2 
0 . 6 0 
0 , 5 1 
0 , 4 2 
0 .36 





0 , 9 0 
O.Gl 
0 -69 
( ) .62 
0„ b6 
I ) . 43 
0 . 3 6 
0 ,29 







0 , 0 7 
0 , 0 5 
0 . 0 3 
0 . 0 4 
0 . 0 2 
0 ,C6 
0 , 1 7 
50° C 
0 , 0 0 
0 , 0 3 
0 , 0 6 
0 , 1 2 
0,CY3 
0 , 0 7 
0 , 0 9 
0 . 0 2 
0 , 0 2 
0 , 1 0 
0 . 1 7 
^H 
0.(..K /^ 
0 . 0 4 
0 . 0 9 
0 , 1 7 
0 . 2 7 
0 , 3 9 
0 . 4 8 
0 , 5 4 
0 , 6 3 
0 . 6 8 
0 , 7 4 




























n , l ? 




l og K^  
CO 
- 0 . 0 7 
-0 .17 
- 0 . 3 7 
-0 .66 
-1 .03 













- 1 . 8 1 
- 1 . 3 0 
-1 .30 
1C4A 











1 0 . 









































































TABLE - .1.11 i05 
Valuesof the equiva len t ionic f r ac t i ons of magnesium and 
hydrogen ions, s epa ra t ion factors and s e l e c t i v i t y coef f ic ien t s 









• 7 . 
8 . . 
9 . 
1 0 . 










1 0 . 
1 1 . 
1.(^0 
0.9;'-
0 . 9 7 
0 , 9 6 
0 . 8 9 
0 . 8 3 
0 . 8 3 
0 . 8 4 
0 . 8 6 
0 . 7 7 
0 . 9 7 
1 .00 
0 . 9 9 
0 . 9 3 
0 . 9 4 
0 . 8 8 
0 . 8 1 
0 . 7 6 
0 . 7 8 
0 . 7 4 
0 . 7 1 
0 . 7 0 
X,, 
l.CK) 
0 . 9 0 
0 . 8 1 
0 , 7 1 
0 . 6 6 
0 .6r i 
(j.'IM 
0 . 4 0 
-".28 
0 . 2 4 
0 . 1 b 
1 .00 
Oe89 
0 . 7 9 
0 . 7 4 
0 . 6 6 
0 . 6 0 
0 . 0 2 
(K3> 
0 . 2 ^ 
0 . 2 1 
O . l ' i 
^ i : XH 
For 3 0 ° 0 
O.OO 
0 . 0 2 
0 . 0 3 
0 . 0 4 
0 . 1 1 
0 . 1 7 
0 . 1 8 
0 .16 
0 . 2 0 
( ' .23 
0 . 3 3 
o.a; 
0 . 0 1 
0 . 0 7 
0 . 0 9 
0 . 1 2 
C\19 
0.20 
0 . 2 2 
0 .26 
0 . 2 8 
0 . 3 0 
0.( O 
0 . 0 9 
0 . 1 9 
0 . 2 7 
0 . 3 1 
0 . 4 0 
0 . 5 2 
0.'J9 
0 . 6 8 
0 . 7 6 
0 . 8 5 
50° C 
0 . 0 0 
0 . 1 1 
0 . 2 1 
0 . 2 6 
0 . 3 4 
0 . 4 0 
0 . 4 7 
0 . 6 8 
0 . 7 1 
0 . 7 9 
0 . 8 6 
f l 
CO 
0 . 1 6 
0 . 1 2 
0 . 1 2 
0 . 2 3 
0 . 3 0 
0 . 2 0 
0 . 1 3 
0 . 1 0 
0 . 0 9 
0 . 0 ^ 
oo 
0 . 0 5 
0 . 2 8 
0 . 2 6 
0 . 2 8 
0 . 3 5 
0 . 2 9 
0 . 1 8 
0 . 1 4 
0 . 1 1 
n . 0 7 
Kc 
CO 
0 . 1 5 
o. io 
0 . 0 9 
0 . 1 7 
0 . 2 1 
0 . 1 1 
0 . 0 6 
0 . 0 3 
0 . 0 3 
0 . 0 1 
c» 
0 . 0 4 
0 . 2 4 
0 . 2 0 
0 . 2 1 
0 . 2 6 
0 . 2 0 
0 . 0 9 
0 . 0 5 
0 . 0 3 
0 . 0 1 
l o g K^  
oo 
- 0 . 8 3 
- l . O O 
- 1 . 0 5 
- 0 . 7 7 
- 0 . 6 6 
-0«94 
- 1 . 2 1 
- 1 . 4 9 
- 1 . 5 5 
- 2 . 0 3 
oo 
- 1 . 3 5 
- 0 . 6 2 
- 0 . 6 9 
- 0 . 6 8 
- 0 . 3 8 
- 0 . 7 0 
- 1 . 0 4 
- 1 . 2 7 
- 1 . 5 0 
- 1 . 8 5 
105A 
Table 3 .11 Contd 
For 40°C 
2-N°- % ^Mg ^ H^ 
H 

























































































TABLE - 3,12 106 
Values of the equivalent ionic f r a c t i o n s of calcium and 
hydrogen ions , separa t ion fac tors and s e l e c t i v i t y coe f f i c i en t s 
a t 30°,40° and 50°C fo r H(I)-Metal exchange on antimony (v) 
phosphate. 










1 0 . 










1 0 . 
1 1 . 
^ a 
i . c r j 
0 .96 
0 . 9 1 
0 . 9 1 
0 . 8 7 
0 . 8 0 
0 . 7 9 
0 . 7 3 
0 . 6 8 
0 . 6 7 
0 . 6 3 
l . ( C 
0 . 9 9 
0 . 9 5 
0 . 9 1 
0 . 9 " 
o.ey 
0 . 6 6 
0 . 7 7 
0 . 7 1 
0 . 6 6 
0 . 6 C 
XCa 
i.OCT 
0 . 9 3 
0 . 8 7 
0 . 7 7 
0 . 7 0 
0 . 6 5 
0 . 5 5 
0 . 4 8 
0 . 4 2 
0 . 3 0 
0 . 2 4 
1 . 0 0 
( 3 . 9 0 
0 . 8 4 
0.7^;. 
0 . 6 5 
0 . 5 6 
0 . 4 6 
0 . 4 1 
c i . 3 r 
0 . 2 0 
0 . 1 8 
^H ^H 
F o r 3 0 ° C 
0 . 0 0 
0 . 0 4 
0 . 0 9 
0 . 1 2 
0 . 1 3 
0 . 2 0 
0 . 2 1 
0 . 7 6 
0 . 3 2 
0 . 3 3 
0 . 3 6 
r o r 5 0 
O. U(3 
O . O l 
0 . 0 1 
0 . 0 9 
0 . 1 0 
0 . 1 3 
0 . 1 4 
0 . ? 2 
0 . 2 9 
0 . 3 4 
0 . 3 6 
0 . 0 0 
0 . 0 7 
0 . 1 3 
0 . 2 3 
0 . 2 9 
0 . 3 5 
0 . 4 5 
0 . 5 2 
0 . 5 8 
0 . 7 0 
0 . 7 6 
'C 
0 . 0 0 • 
0 . 1 0 
0 . 1 7 
0 . 2 5 
0,3b 
O.'V, 
0 . 5 4 
0 . 5 9 
0 . 6 2 
0 . 7 1 
0 . 8 2 
H 
oo 
0 . 6 5 
0 . 6 6 
0 . 4 2 
0 . 3 6 
0 . 4 8 
0 . 3 3 
0 . 3 3 
0 . 3 4 
0 . 2 1 
0 . 1 8 
oo 
0 . 0 4 
0 . 0 3 
0 . 2 9 
0 . 2 0 
0 . 1 9 
0 . 1 2 
0 . 2 0 
0 .26 
0 . 2 1 
0 . 1 2 
<^c 
oo 
0 . 6 3 
0 . 6 3 
0 . 3 6 
0 . 2 9 
0 . 3 9 
0 . 2 3 
0 . 2 2 
0 . 2 1 
0 . 0 9 
0 . 0 7 
oo 
0-.04 
0 . 0 3 
0 . 2 9 
0 . 1 4 
n . l 2 
0 . 0 6 
0 . 1 0 
0 . 1 4 
0 . 1 9 
0 . 0 3 
l o g K^ 
oo 
- 0 . 2 0 
- 0 . 2 0 
- 0 . 4 5 
- 0 . 5 4 
- 0 . 4 1 
- 0 . 6 4 
- 0 . 6 6 
- 0 . 6 8 
- 1 . 0 3 
- 1 . 1 6 
oo 
- 1 . 4 0 
- 1 . 5 8 
- 0 . 6 2 
- 0 . 8 4 
- 0 . 9 1 
- 1 . 1 9 
- 0 . 9 7 
- 0 . 8 6 
- 1 . 0 4 
- 1 . 5 1 
106A 
T able 3 .12 Contd For 40°C 
S.No. X^. 
^Ca \l X H 
H 










1 0 . 
1 1 . 
1.00 
0 .97 




0 . 8 4 
0 .78 
0 .76 
0 . 7 1 
0 . 6 3 
1.00 
0 . 8 5 
0 . 7 8 
0 . 7 2 
0 .68 
0 . 6 1 
0 . 5 5 
0 . 4 5 
0 .38 
0 . 3 1 
0 .27 
0 ,00 










0 . 0 0 
0 . 1 5 
0 . 2 2 
0 . 2 8 
0 . 3 2 
0 . 3 9 
0 . 4 5 
0 . 5 5 
0 . 6 2 
0 . 6 9 





0 . 2 3 
0 . 2 l 





0 . 0 3 5 -1 .45 
0 . 0 4 3 -1 .36 
0 . 0 6 3 -1 .19 
0 . 0 / 3 - 1 . 1 3 
0 , 0 6 5 -1 .18 
0 . 0 8 2 -1 .08 
0 . 0 9 2 - 1 . 0 3 
0 . 0 7 5 - 1 . 1 2 
0 .077 - 1 . 1 1 
O. l lO - 0 . 9 5 
TABLE - 3.13 ^^'^ 
Vaiues of the equiva len t ionic f r ac t i ons of strontium and 
hydrogen ions , sepa ra t ion fac tors and s e l e c t i v i t y coef f ic ien t s 
at 30° , 40° and 50°C for the H(I)-Metal exchange on 
antimony(v) phosphate. 
S . N o . 
1 . 








1 0 . 










1 0 . 
1 1 . 
^ S r 
l.OC) 
0 . 9 6 
0 . 9 1 
^ 0 . 0 3 
0 . 8 4 
0 . 8 2 
0 . 7 0 
0 . 7 4 
0 . 7 3 
0 . 6 4 
0 . 6 0 
l.OC) 
0 . 9 9 
0 . 9 5 
0 . 9 8 
0 . 9 0 
0 . 8 6 
0 . 8 0 
0 . 7 0 
O . ' S 
0 . 6 8 
0 . 6 9 
HT 
1 . 0 0 
0 . 9 3 
0 . 8 7 
0 . 8 0 
0 . 7 3 
0 . 6 3 
0 .^ )5 
0 . 4 9 
0 . 4 1 
0 . 3 7 
0 . 3 2 
i . ( - o 
O.'^O 
0 . 8 2 
0 . 7 1 
0 . 6 6 
0 . 5 7 
C . 5 I 
0 . 4 0 
0 . 3 5 
0 . 2 7 
0 . 1 7 
h\ 
\'ox 3 0 ° C 
o.a^ 
0 . 0 4 
0 . 0 9 
0 . 1 2 
0 . 1 6 
0 . 1 7 
0 . 2 1 
0 . 2 6 
0 . 2 7 
0 . 3 6 
0 . 4 0 
F o r 50°( 
0.(V 
0 . 0 1 
0 . 0 5 
0.(^9 
0 . 1 0 
0 . 1 4 
0 . 2 0 
0 . 2 J 
0 . 2 7 
6 . 3 2 
0 . 3 2 
h\ 
o.oo 
0 . 0 7 
0 . 1 3 
0 . 4 0 
0 . 2 7 
0 . 3 8 
0 . 4 5 
0 . 5 1 
0 . 5 9 
0 . 6 2 
0 . 6 8 
o.fX) 
0 . 1 0 
0 . 1 7 
0 . 2 9 
0 . 3 4 
0 . 4 3 
0 . 4 9 
0 . 6 0 
0 . 6 5 
0 . 7 3 
0 . 8 4 
""ST 
CO 
0 . 5 5 
0 . 6 6 
0 . 5 5 
0 . 5 5 
0 . 3 6 
0 . 3 2 
0 . 3 4 
0 . 2 4 
0 . 3 3 
0 . 3 1 
oo 
0 . 0 8 
0 . 2 5 
0 . 1 3 
0 . 2 1 
0 . 2 2 
0 . 2 6 
0 . 1 8 
0 . 2 0 
0 . 1 7 
0 . 0 9 
Kc 
CO 
0 . 5 3 
0 . 6 3 
0 . 5 0 
0 . 4 8 
0 . 2 8 
0 . 2 2 
0 . 2 2 
0 . 1 4 
0 . 1 9 
0 . 1 6 
OO 
0 . 0 7 
0 . 2 2 
0 . 0 5 
0 . 1 5 
0 . 1 4 
0 . 1 6 
0 . 0 9 
0 . 1 0 
0 . 0 7 
0 . 0 2 
l o g K^ 
oo 
- 0 . 2 7 
- 0 . 2 0 
- 0 . 3 0 
- 0 . 3 2 
- 0 . 5 6 
- 0 . 6 5 
- 0 . 6 6 
- 0 . 8 4 
- 0 . 7 2 
0 . 7 8 
oo 
- 1 . 1 4 
- 0 . 6 7 
- 1 . 2 7 
- 0 . 8 1 
- 0 . 8 4 
- 0 . 7 8 
- 1 . 0 4 
- 1 . 0 2 
- 1 . 1 7 












1 0 . 
1 1 . 
<J • * v J -^»v 
^ S r 
1 .00 
O .o6 
0 . 9 2 
0 . 9 0 
0 . b 8 
O .b? 
0 . 8 5 
0 . 7 7 
0 . 7 4 
0 . 6 5 
0 . 6 0 
^ST 
1 .00 
0 . 8 9 
0 . 8 1 
0 . 7 5 
0 . 6 9 
0 . 6 1 
0 . 5 2 
0 . 4 5 
0 . 3 8 
0 . 3 2 
0 . 2 7 
For 
^ 
0 . 0 0 
0 . 0 4 
0 . 0 8 
0 . 1 0 
0 . 1 2 
0 . 1 3 
0 . 1 5 
0 . 2 3 
0 . 2 6 
0 . 3 5 
0 . 4 0 
40''C 
^ 
0 . 0 0 
0 . 1 1 
0 . 1 9 
0 . 2 5 
0 . 3 1 
0 . 3 9 
0 . 4 8 
0 . 5 5 
0 . 6 2 
0 . 6 8 
0 . 7 3 
H 
oo 
0 . 3 3 
0 . 3 8 
0 . 3 3 
0 . 3 0 
0 . 2 3 
0 . 1 9 
0 . 2 4 
0 . 2 1 
0 . 2 5 
0 . 2 5 
h 
oo 
0 . 1 2 2 
0 . 1 5 6 
0 . 1 3 3 
0 . 1 1 8 
0 . 0 5 9 
0 . 0 5 9 
0 . 1 0 2 
0 . 0 8 9 
0 . 1 3 0 
0 . 1 3 5 
l o g K ^ 
0 0 
- 0 . 9 1 
- 0 . 8 0 
- 0 . 8 7 
- 0 . 9 2 
- 1 . 2 2 
- 1 . 1 2 
- 0 . 9 0 
- 1 . 0 5 
- 0 . 8 8 
- 0 . 8 7 
TABLL_=_1JL4 108 
Values of the ec^uivaient ionic f r ac t ions of copper and 
hydrogtn' lon«, icfiftrntlon fnctora and ao ioc t l v i t y coef f ic ien ts 
a t 30° , 40° and 50°C for the H(I)-^ .e ta l exchange on antimony(v) 
phosphate. 










1 0 . 










1 0 . 
1 1 . 
\ : u 
1 . 0 0 
0 . 9 8 
0 . 9 8 
0 . 9 2 
0 . 9 1 
0 . 9 3 
0 . 9 2 
0 . 9 2 
0 . 9 4 
0 . 9 1 
0 . 8 1 
l . O C 
0 . 9 2 
0 . 0 5 
0 . 9 2 
0 . 9 6 
0 . 9 6 
0 . 9 7 
0 . 9 4 
0 . 9 3 
0 .1 ,8 
0 . 9 1 
Cu 
F . 
1 , 0 0 
0 . 0 6 
0 . 7 2 
0 . 6 4 
0 . b 3 
0 . 4 1 
0 . 3 2 
0 . 2 4 
0 . 1 7 
0 . 1 0 
0 . 0 8 
1 . 0 0 
0 . 9 3 
0 . 7 4 
0 . 6 3 
0 . 4 0 
0 . 3 C 
0 . : " , ' 
0 . 2 2 
(.•.16 
< - . I l 
n. 0 3 
^1i 
•.r 3 0 ° C 
0 . 0 0 
0 . 0 2 
0 . 0 6 
0 . 0 8 
0.(^9 
0 . 1 0 
0 . 1 0 
0 . 1 1 
0 . 1 1 
0 . 1 1 
0 . 1 1 
o r 50°C 
O.CX"^  
0 . 0 7 
0 . 0 4 
0 . 0 7 
0 . 0 3 
0 . 0 3 
(\r2 
( ' . O ^ 
<'..C6 
O . J l 
0 . 0 8 
^H 
o^rvQ 
0 . 1 4 
0 . 2 8 
0 . 3 6 
0 . 4 7 
0 . 5 9 
0 . 6 8 
0 . 7 6 
0 . 8 0 
0 . 9 0 
0 . 9 2 
o.cr 
0 . 0 7 
0 . 2 6 
0 . 3 6 
0 . 5 1 
0 . 6 1 
0 . 7 1 
0 . 7 7 
0 . 8 4 
( \ 8 9 




0 . 1 4 
0 . 1 7 
0 . 1 5 
0 . 1 1 
0 . 0 7 
0 . 0 5 
0 . 0 3 
0 . 0 2 
0 . 0 1 
0 . 0 1 
CO 
1 . 0 1 
0 . 1 2 
0 . 1 3 
0 . 0 3 
0 . 0 2 
0 . 0 1 
0 . 0 1 
0 . 0 1 





2 . 3 0 x 1 0 " ^ 
3 , 9 4 x l O ~ ^ 
3 . 3 3 x 1 0 " ^ 
1 . 6 7 x l O ~ ^ 
1 . 1 2 x 1 0 " ^ 
7 . 4 2 x 1 0 " ^ 
4 . 1 0 x 1 0 " ^ 
2 . 6 5 x 1 0 " ^ 
1 . 2 1 x 1 0 " ^ 
1 . 1 9 x 1 0 " ^ 
0 0 
1 . 0 1 
1 . 8 4 x 1 0 " ^ 
0 . 3 0 x 1 0 " ^ 
1 . 0 ^ x 1 0 " ^ 
9.COxl(^~'^ 
2 . 3 x 1 0 " " ^ 
9 . 8 x 1 0 " " ^ 
8 . 7 0 x 1 0 " " ^ 
1 . 9 l x l O ~ ' * 
2 . 2 8 x 1 0 " ' * 
l o g K^ 
0 0 
- 1 . 6 4 
" 1 . 4 0 
" 1 . 4 7 
- 1 . 7 7 
- 1 . 9 3 
- 2 . 1 3 
- 2 . 3 8 
- 2 . 5 7 
- 2 . 9 1 
- 2 . 9 2 
<X) 
0 . 0 0 4 
- 1 . 7 3 
- 1 . 6 4 
-3.(r 
- 3 . 0 4 
- 3 . 6 4 
- 3 . 0 1 
- 3 . 0 6 
- 2 . 72 












1 0 . 







0 . 9 3 
0 . 9 3 
0 . 9 3 
0 . 9 2 
0 . 9 1 
0 . 8 5 
'Cu 
l.OC 
0 . 9 3 
0 . 8 1 
0 . 6 9 
0 .60 
0 . 4 4 
0 .37 
0 .30 
0 , 2 2 















• r 40°C 
^H 
0 . 0 0 
0 . 0 7 
0 .19 
0 . 3 1 
0 . 4 0 
0 . 5 4 
0 . 6 3 
0 . 7 0 
0 . 7 8 
0 . 8 4 




















0 . 0 0 5 
0 . 0 0 3 
0 .002 
0 .002 
0 . 0 0 4 
log K^  
0 0 





- 2 . 3 1 
- 2 . 4 9 
-2 .60 
- 2 . 6 0 
-2 .36 
109 
TABLE -. 3.16 
Values of the e q u i v a l e n t ion ic f r a c t i o n s of i ron and hydrogen 
i o n s , s e p a r a t i o n f a c t o r s and s e l e c t i v i t y c o e f f i c i e n t s a t 30 , 






























































































































































































Table 3 .15 Contd, 
For 40°C 
10 9A 
S.No. X, Fe 'Fe ^ ^ 
H 










1 0 . 














































































TABUE ~ 3.16 liO 
Values of the equivalent ionic f r ac t i ons of cadmium and 
hydrogen ions , separa t ion fac tors and s e l e c t i v i t y coef f i c ien t s 
a t 30^,40° and bO^C fo r the H(I)-Metal exchange on antimony(v) 
phosphate . 










1 0 . 










1 1 . 
^Cd 
l .OC' 
0 , 9 7 
0 . 9 2 
0 . 9 2 
0 . 8 7 
0 . 9 2 
0 . 9 3 
0 . 9 5 
0 . 9 1 
0 . 8 8 
0 . 8 ' o 
l . a ) 
0.9-1 
0 . 9 / 
0 . 9 2 
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DISCUSSION 
F i g u r e s 3 .1 and 3 .2 show t h e r e s u l t s of the e q u i l i b r i u m 
ve r sus t ime exper iments done in both the Metal-H( I) and 
H(I)- .Metal d i r e c t i o n s t o f ind out the t ime r e q u i r e d for a t t a i n i n g 
f u l l e q u i l i b r i u m . For t h e Meta l -H(I ) exchange , the m a t e r i a l 
was taken in the H"*" form (HSbP) and f o r the H(I ) -Meta l 
e x p e r i m e n t s , i t was conver t ed in to t h e r e s p e c t i v e me ta l 
form (MSbP). As t he se f i g u r e s i n d i c a t e t h e maximum t ime 
r e q u i r e d for the a t t a i n m e n t of e q u i l i b r i u m was 4 . 1 / 2 
hours fo r Cd in the Meta l -H(I ) d i r e c t i o n virfiile 3 hours 
in t h e H( I ) -Meta l d i r e c t i o n . Five hours were, t h e r e f o r e , 
chosen in a l l the s t u d i e s in o rde r t o a s c e r t a i n the a c h i e v e -
ment of e q u i l i b r i u m . 
The s e p a r a t i o n f a c t o r s (ot,', a^ ) and s e l e c t i v i t y 
c o e f f i c i e n t s (K^, K^) fo r Meta l -H( I ) and H(I ) -Weta l p r o c e -
s s e s were c a l c u l a t e d ( 2 2 ) to f ind out t h e a f f i n i t y of the 
exchanger towards t h e competing i o n s , assuming the r a t i o 
of a c t i v i t y c o e f f i c i e n t s to be u n i t y in d i l u t e s o l u t i o n s ( 2 3 ) . 
The v a l u e s so ob ta ined a t 30°C, 40°C and 50°C are summarized 
in Tables 3 .1 t o 3.16 a long with t h e i r e q u i v a l e n t i o n i c f r a c t -
i o n s . F i g u r e s 3 .3 t o 3 , 8 show t h e i r ion exchange i s o t h e r m s , 
Abe(27) has c a t e g o r i z e d the i so therms i n t o 5 types such as 
(1) showing h ighe r s e l e c t i v i t y for the e n t e r i n g c a t i o n s 
as compared to the l e a v i n g c a t i o n s over the e n t i r e range 
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of equivalent f r a c t i o n s , (2) showing a s e l e c t i v i t y r e v e r s a l 
with increasing equivalent f r ac t ions , (3) showing a higher 
s e l e c t i v i t y for the leaving cat ions over tne ent i re range 
of equivalent fTactions,{A) showing an Incomplete exchange 
although the enter ing ca t ion is i n i t i a l l y preferred and the 
degree of exchange gives a value lower than uni ty , and (5) 
showing hys te res i s e f f ec t s due to the formation of two 
exchange phases as in the case of c r y s t a l l i n e zirconium 
phosphate in various ca t i on i c forTns(28). 
I t i s c lear from the isotherms t h a t the exchanger 
has g rea t a f f in i ty for Cd in p a r t i c u l a r and for other 
2+ 
studied metal ions in genera l , except for Mg which shov/s 
l e a s t a f f in i ty for the exchanger during the Metal-H(I) 
2+ exchange at a l l the th ree temperatures . Isotherms for Cd , 
Fe , Cu and Ca^ "*" have a resemblance with the type 1 
mentioned above. Isotherm of type - 2 is observed for the 
K V ^ * System at a l l the three temperatures and Sr^/H"*" 
a t 30°C while the type-3 is observed in the case of Mg / 
H"*" system, H(I)-Metal exchange isotherms (Fig .3 .6 to 3.8) 
ind ica te the l e a s t a f f i n i t y of the ma te r i a l for the H"^  
ions as also supported by the separat ion factors which 
are l e s s than unity in each case at a l l concent ra t ions . 
Isotherms of type 4 i s observed in t h i s case. 
A reversa l in the preference i s , however, observed 
for Na"*" and K"*" ions a f t e r a ce r t a in value of ionic f rac t ion 
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i . e . 0 . 0 3 . The exchange isotherm for U.g^'^/H'^ is e n t i r e l y 
d i f f e r e n t . I t shows a preference for H"^  ions at both the 
temperatures . This behaviour of SbP is s imilar to t h a t of 
the antimony(V) s i l i c a t e prepared e a r l i e r in these l abora -
t o r i e s ( 2 0 ) . But the case i s d i f f e r en t for Zr(lV) phospho-
s i l i c a t e ( 2 l ) . 
In the H(I)-metal exchange process the exchanger 
shows, in general , a g r ea t e r preference for the metal ions 
at a l l the three temperatures i . e . a d i f f i c u l t removal of 
the ions during the regenerat ion p r o c e s s . I t may be due to 
the s t e r i c hindrance at the exchange s i t e s . I t i s evident 
from the la rge h y s t e r e s i s effect observed in the Metal-H(I) 
and H(I)-Metal ion exchange isotherms. Since the mate r ia l 
had been dried p r io r to the H(I)-Metal exchange being studied 
i t is possible tha t a reverse ion exchange was not s tud ied . 
This i s very well documented in z e o l i t e s ion exchange 
(and Zrp) and a r i s e s from the ion s ieve behaviour. 
According to the thermodynamic cons ide ra t ions (29) , 
the spontaneous processes have a tendency to achieve 
minimum energy and maximum entropy. However, i t i s freguently 
impossible to achieve both minimum energy and maximum 
entropy simultaneously. There are many endothermic processes 
(gain of energy) which are spontaneous. In such e spon-
taneous process , i t i s the entropy f ac to r which overweighs 
the enthalpy f ac to r . There are also some spontaneous 
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p r o c e s s e s in which t h e en t ropy of t h e system is n e g a t i v e . 
In t h i s case i t i s t h e e n t h a l p y change which overweighs 
the d e c r e a s e of e n t r o p y . F u r t h e r , for an endothermic change, 
the e n t r o p y change i s p o s i t i v e and h i g h . I f the en t ropy 
change i s nega t ive then the p r o c e s s i s h i g h l y e x o t h e r m i c . 
Thus , t h e r e i s always a compromise between the hea t of the 
r e a c t i o n (AH) and t h e e n t r o p y change ( A S ) of the system 
Entropy changes are the measure of the d i s o r d e r n e s s in t h e 
sys tem. As t a b l e s 3.17 and 3.18 sugges t Sr^'*'-H'^, Ca'^ "'"-H'*', 
Fe '^*"-H'*", H'^ -Mg '^*', H'*"-Na'^ , H'*"-Cu '^'" and H'*"-Fe^'^ exchanges 
show a p o s i t i v e en t ropy change whi le t h e r e s t of t h e 
exchanges show a n e g a t i v e ent ropy change . P o s i t i v e v a l u e s 
sugges t t h a t the m e t a l and hydrogen ions are l o o s e l y bound 
t o the exchanger s i t e while the n e g a t i v e v a l u e s i n d i c a t e 
a g r e a t e r meta l -hydrogen ion i n t e r a c t i o n . According t o 
Dyer,AS° va lues are a l s o r e l a t e d to t h e change in t h e water 
c o n t e n t e f f e c t e d d u r i n g the e x c h a n g e ( 3 0 ) , 
At 30°C, t h e thermodynamic e q u i l i b r i u m c o n s t a n t (K), 
among the a l k a l i and a l k a l i n e e a r t h me ta l i o n s , i s t h e 
h i g h e s t f o r K"*" ion f o r the Meta l -H( I ) exchanges followed by 
Na''",Ca^'*", Sr^ "*" and Mg^ "*" i n d i c a t i n g the a f f i n i t i e s fo r 
d i f f e r e n t meta l ions in t h a t o r d e r . At 40°C, t h e r e i s a 
s l i g h t r e v e r s a l in the sequence such as K"*" > Ca'^ '^  > Na"*" > 
S r ^ > Mg . At 50°C, however, t he K-va lues a re in t h e 
o r d e r - Sr^"^ > Ca^ "*" > K"^  > Na"*" > Mg^''', which i s obvious 
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because the adsorptaon of an ion i s i n v e r s e l y p r o p o r t i o n a l 
t o i t s degree of J i y d r a t i o n . Thus t h e exchanger appears t o 
have i t s a f f i n i t y changed from K"* t o ST'^'^ with t h e i n c r e a s e 
2+ i n the K value for Sr a t a h ighe r t e m p e r a t u r e . Among t h e 
t h r e e t r a n s i t i o n a l me ta l ions s t ud i ed Cu has the h i g h e s t 
2+ K-va lues a t a l l the t h r e e t empera tu re s followed by Cd 
and Fe** ions al though the m a t e r i a l shows the maximum 
s e l e c t i v i t y for Cd i o n s . This d i s c r e p a n c y may be due t o the 
t o t a l a d s o r p t i o n of Cd ions almost th roughout the e x p e r i ^ 
menta l range which makes the value of t h e s e l e c t i v i t y c o e -
f f i c i e n t (Kc) i n f i n i t e l y l a r g e . Free energy change i s nega t ive 
f o r a l l the Meta l -H( l ) exchanges excep t for Sr^ "*"-H'^  a t 
30° and 40°C and fo r Mg '^*"-H'^  and Fe^'^-H"^ a t a l l the t h r e e 
t e m p e r a t u r e s . These r e s u l t s i n d i c a t e t h a t K , Na , Ca , 
Sr^"*", Cu^ "*" and Cd^"^ ions can r e a d i l y be exchanged with the 
+ 2+ . 
H i o n s a t t a ched t o the exchanger s u r f a c e , Sr ions be ings 
p r e f e r a b l y adsorbed a t a h ighe r t e m p e r a t u r e . S imi l a r e x p l a n a -
t i o n can a l so be given f o r the H ( I ) - M e t a l exchanges . The 
e n t h a l p y changes a re both p o s i t i v e and n e g a t i v e fo r the 
exchanges t a k i n g p lace on the exchanger su r face , A p o s i t i v e 
e n t h a l p y change for Sr '^*"-H'*", Ca^'^-H'*", Mg^^-H"*", Fe^ '*"-H'*" 
H"^ -Na"*", H'^ -Mg^"*', H'^-Cu^'*' and H"*"-Fe^ "*' s u u g e s t s the endothermic 
n a t u r e of these exchanges while a n e g a t i v e value f o r the r e s t of 
t h e excnanqes i s i n d i c d t i v e of t h e i r exothermic n a t u r e . 
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Low v a l u e s of 'K* at a h i g h e r t empe ra tu r e fo r c e r t a i n 
exchanges can be e x p l a i n e d on the b a s i s of t h e i r A H ° 
v a l u e s . Since these exchanges are exo thermic in n a t u r e , 
t hey w i l l not be favoured at a h i g h e r t e m p e r a t u r e . S imi -
l a r l y , a h igher 'K' va lue at an e l e v a t e d tempera ture f o r 
o t h e r exchanges are obvious because of t h e i r endothermic 
n a t u r e . 
125 
REFERENCES 
1 . A. C l e a r f i e l d ( e d , ) , ' I no rgc -n i c Ion Exchange N ' a t e r i a l s ' , 
C . R . C . P r e s s I n c . , Boca Raton F l o r i d a ( 1 9 8 2 ) . 
2 . H . F . Wal ton, A n a l . Chem., ^ , 15 R ( 1 9 8 0 ) . 
S.-^'G, A l b e r t L , U. C o s t a n t i n o , S. A l l u l i and M.A. A ' a s s t c c i , , 
J . I n o r g . N u c l . Chem., 3 5 , 1339 ( 1 9 7 3 ) . 
4 . G. A l b e r t i and U. C o s t a n t i n o , J . I n o r g . Muc l . Chem. , 3 6 , 
653 ( 1 9 7 4 ) . 
5 . S . A l l u l i , A. L a G i n e s t r a and T. T o m a s s i n i , J . I n o r g . Nucl 
Chem., 2 6 , 3839 ( 1 9 7 4 ) . 
6 . G. A l b e r t ! , J . C o s t a n t i n o , S . A l l u l i and J'J.A. ; . ' a s s u c c i , 
J . I n o r g . N u c l . Chem., 3 7 , 1779 ( 1 9 7 5 ) . 
7 . A . A . R a g o i s h a , V . S . S o l ' i d a t o v and V . F . T i k a v y i , R a s s h i r 
T e z i s y Dokl - V s c s . Simp. T e r m o d i n . l o r n o y o Obmen, I I , 
46 ( 1 9 7 5 ) . 
8 . Y. flasegav/a, J . I n o r g . N u c l . Chem. , 38, 319 ( 1 9 7 6 ) . 
9 . N . G . C h e r n o r u k o v , I . A . Korshunov and T.V. P r o k o f ' e v a , 
Zh. F i z . Khin, . , 5 0 , 3091 ( 1 9 7 6 ) . 
1 0 . N.G. Che rno rukov and T.V. P r o k o f ' e v a , Z h . F i z . Kh im. , 
b2, 1639 (1978) . 
1 1 . N .G .Che rno rukov and T.V. P r o k o f ' e v a , Zh. F i z . Khim. , bl, 
1361 ( 1 9 7 7 ) . 
1 2 . G. A l b e r t i , M. C a s c i o l a , U. C o s t a n t i n o and M . L . L u c i a n i , 
J . C h r o m a t o g r . , I 2 b . 289 ( 1 9 7 6 ) . 
126 
1 3 . G.A. B e r e z c i v s k i i , V.N. I k o r s k l i and I . E . Paukov , Zh. 
F i z . Khirr.., 4 £ , 2 P 9 9 ( 1 9 7 4 ) . 
1 4 . N. J a f f e r z i c - K e n a u l t , J . I n o r g . IMucl. Chem., 3 8 , 1079 
( 1 9 7 6 ) . 
1 5 . T.N.RezukhJ.na and T.A. K a s h i n a , Zh. F i z . Kh im. , 4 8 , 
2894 ( 1 9 7 4 ; . 
1 6 . J . Sugi.sewa, T. Tonezewa, K. T a k a g u c h i and I . T o m i t a , 
B u l l . Chem. S o c . J a p a n , ^ , 637 ( 1 9 7 8 ) . 
1 7 . J . P . Rawat and P . S . T h i n d , J . I n d . Chem., S o c , bZf 819 
( 1 9 8 0 ) . 
1 8 . J . P . B a w a t and K . P . S . ^ 'uk tawat , J . I n o r g . N u c l . Chem., 4 3 , 
2112 ( 1 9 8 1 ) . 
1 9 . M. Abe and K. Sudoh, J . I n o r g . N u c l . Chem., A3, 2537(1981) 
2 0 . K . G . V a r s h n e y , F l .P .S ingh and S . R a n i , Ac ta Chlm. Acad . 
S c i . Hung . , U^, 403 ( 1 9 8 4 ) . 
2 1 . K.G. Vars ; .ney , R.P.Sincjh and U. Sharma, C o l l . S u r f . , 
J ^ , 207 ( 1 9 8 5 ) . 
2 2 . R .A.Robinson and k . H . S t r o k < - ' ; ; , ' E l e c t r o l y t e S o l u t i o n s ' , 
B a t t e r w o r t h s , London ( 1 9 5 9 ) . 
2 3 . J . P . S i n g h a l and R . P . S i n o h , J . S o i l S c i . , 2 7 , 42 ( 1 9 7 6 ) . 
2 4 . G.L. Gaines and H.C. Thomas, J . Chem. P h y . , 2 1 , 7 1 4 ( 1 9 5 3 ) . 
2 5 . J . P . S i n g h a l and ! i . P . S i n g h , A c t a Ch imica , _93, 3 0 7 ( 1 9 7 7 ) . 
2 6 . S . G l a s s t o n e , ' Te xt Book of p n y s i c a l Chemis t ry ' ^ f . 'acmillan 
and Co. L t d . , Lor.don, ( I 9 6 0 ) . 
2 7 . M.Abe, J . I n o r g . N u c l . Chem., ^ , 85 ( 1 9 7 9 ) . 
2 8 . E . T o r r a c c a , J . I n o r g . N u c l . Chem. , ^ , 1189 ( 1 9 6 9 ) . 
126A 
2 9 . R .P .Ras tog i and R.R.Misra , 'An I n d r o d u c t i o n to Chemical 
Thermodynamics ' , Vikas P u b l i s h i n g House P v t , L t d . , 
New Delhi ( 1 9 8 3 ) . 
30 , A, Dyer, 'An I n t r o d u c t i o n to Z e o l i t e Molecular S i e v e s ' 
Bath P r e s s L t d . , Avon ( 1 9 8 8 ) . 
CHAPTER - 4 
SOh'B NOVEL APPLICATIONS OF INORGANIC ION EXCHANC£RS 
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JNTRODUCTION 
I n o r g a n i c ion exchangers are well-known fo r t h e i r 
s e l e c t i v i t y towards c e r t a i n meta l i o n s . Th i s p rope r ty of 
i n o r g a n i c ion exchangers i s e x t e n s i v e l y be ing used in t h e 
s e p a r a t i o n and d e t e r m i n a t i o n of metal i o n s , i n removal of 
i n t e r f e r i n g meta l ions and a l s o i n s o l i d s t a t e ion s e l e c t i v e 
e l e c t r o d e s . The column t echn ique has been employed fo r the 
d e t e r m i n a t i o n of s e v e r a l m e t a l ions in r o c k s , a l l o y s and 
p h a r m a c e u t i c a l s . Papers impregnated with i n o r g a n i c ion 
exchangers have a l so been used for the s e p a r a t i o n and 
i d e n t i f i c a t i o n of metal i o n s , amines, amino ac ids e t c . They 
are e q u a l l y u s e f u l a s columns. Fur the rmore , they give f a s t e r 
and s imp le r methods fo r s e p a r a t i o n . S e p a r a t i o n and i d e n t i f i -
c a t i o n of amino ac id s i s of g r e a t importance because of 
t h e i r b i o l o g i c a l u t i l i t y . Although an o r g a n i c r e s i n l i k e 
Dowex-50 c a t i o n exchanger has been u t i l i z e d f o r t h e i r 
s e p a r a t i o n by S t e i n and Moore, no such work has been done 
on an i n o r g a n i c ion exchange r . 
In view of the d i f f e r e n t p o s s i b i l i t i e s of the 
a n a l y t i c a l a p p l i c a t i o n s of inorgan ic ion exchange r s , t h e 
p r e s e n t c h a p t e r has been d i v i d e d in to t h e fo l lowing t h r e e 
s e c t i o n s t a k i n g In to account the t h r e e a s p e c t s of t h e i r 
s tudy such as the a n a l y s i s of p h a r m a c e u t i c a l s fo r meta l 
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ions , separa t ion of amino acids by column chromatography 
and, separa t ion of amino acids by paper chromatography : 
Section - A, Use of Zirconium (IV) arsenophosphate columns 
in the ca t ion exchange separa t ion of i ron from 
some l iqu id appet i te s t imulants and iron 
p repa ra t ions . 
Section - B, Quant i ta t ive binary separa t ions of some a-amino 
acids on antimony(V) phosphate cat ion exchange 
columns. 
Section - C, Chromatography of amino acids on papers impreg-
nated with Tin (2V) and Thorium(IV) phospho-
s i l i c a t e s : Separation of bas ic amino acids 
from o t h e r s . 
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SECTION - A 
USE OF ZIRCONIUM(IV) ARSENOPHOSPHATE CXDLUMNS IN THE 
SEPARATION OF IRON FROM SOME LIQUID APPETITE STIMULANTS 
AND IRON PREPARATIONS 
INTRODUCTION 
The a v a i l a b i l i t y of s i m p l e methods f o r a s s a y i n g 
t h e m e t a l l i c s p e c i e s in d r u g f o r m u l a t i o n s i s n e c e s s r y 
because t h e i r s l i g h t V f i r i a t i o n may cause r e d u c e d t h e r e -
p e u t i c e f f i c i e n c y . In most of t h e c a s e s s e v e r e i n t e r f e r e n c e s 
a r e caused oue t o tfie n r e s e n c e of c e r t a i n m e t a l i o n s . I r o n , 
f o r e x a m p l e , i n t e r f e r e s s e r i o u s l y in t h e d e t e r r , i n a t i o n of 
e t a l i o n s by a tomic a b s o r p t i o n s p e c t r o p h o t o m e t r y in some 
• j u l t i v i t a m i n pre par f-\t i o n s , as r e p o r t e a by K o r k i s c h e t a l . ( l ) . 
C o n s e q u e n t l y , t h e y sepe.rr.toG i t on Dowe x 1 x 8 anion e x c h a n a e 
r e s i n p r i o r t o i t s d e t e r m . i n a t i o n . S ince i n o r g a n i c ion 
e x c h a n g e r s a r e more s e l e c t i v e f o r m e t a l i o n s as coi pared 
t o t h e i r o r g a n i c c o u n t e r p a r t s , t h e y may p ' rove t o be more 
u s e f u l f o r such a n a l y s e s . The use of z i r c o n i u m a r s e n o p h o s x 
pha te has r e c e n t l y been e x p l o r e d in t h e m e t a l a n a l y s i s of 
p h a r m a c e u t i c a l pre p r . r r t i o n s ( 2 , 3 ) . T h e p r e s e n t work i l l u s t r a t e s 
i t s u t i l i t y in thie a n a l y s i s of v a r i o u s a p p e t i t e s t i m u l a n t s 





R e a g e n t s and c h e m i c a l s : 
Z i r c o n y l c h l o r i d e (BDH) t r i s o d i u m o r t h o p h o s p h a t e 
(BDH) and d i soa ium h y d r o g e n a r s e n a t e (Merck) were u s e d . 
O the r r e a g e n t s and c h e m i c a l s were of ' a n a l y t i c a l r e a g e n t ' 
g r a d e , 
S y n t h e s i s of Ion Exchange M a t e r i a l : 
Z i r con lum^ lV) a r s e n o p h o s p h a t e was p r e p a r e d ( 4 ) a s 
f o l J o w s : 
Aqueous s o l u t i o n of z i r c o n y l c h l o r i d e ( 0 . 0 5 M ) , d i -
sodium a r s e n a t e (0.05M) and t r i - s o d i u m o r t h o p h o s p h a t e ( 0 , 0 5 M ) 
were mixed in e q u a l vo lumes and pH of t h e m i x t u r e was f i x e d 
i n t h e r a n g e ot 0 - 1 by a d d i n g n i t r i c a c i d w i th c o n s t a n t 
s t i r r i n g . The g e l t h u s o b t a i n e d was k e p t a t room t e m p e r a t u r e 
( 3 0 ° C ) o v e r n i g h t and f i l t e r e d , washed w i t h D/v',VV and d r i e d 
a t 40 C in an a i r - o v e n . The d r i e d p r o d u c t was c r a c f e d i n 
DMW t o o b t a i n g r a n u l e s which were c o n v e r t e d i n t o t h e H"*"-
form w i t h IM HNU^. I t was h e a t e d a t 200°C in a muf f l e 
f u r n a c e f o r 1 hour t o o b t a i n i t s m o d i f i e d phase (2AP-200) 
which was used in t h e p r e s e n t s t u d y . I t s Na'*'-exchanqe c a p a c i t y 
was found t o be I . 0 3 m e q / g . I t s t h e r m a l and c h e m i c a l s t a b i l i t y 
and d i s t r i b u t i o n c o e f f i c i e n t were a l s o d e t e r m i n e d by t h e 
s i m i l a r methods d e s c r i b e d in c h a p t e r - 2 . 
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SEPARATION PROCEDURE : 
A few s y n t h e t i c m i x t u r e s V;ere p r e p a r e a Dy rr.ixing 
t h e m e t a l i on s o l u t i o n s in t h e r e c u i r e d a m o u n t s , hor 
column o p e r a t i o n , t h e exchanqer ( 6 0 - l o n mesh , 2 g., 
H - fo rm) was u;,iid in a g l a s s t u b e of's^C.6 cm. b o r e , ihe 
column was war.hed t h o r o u g h l y w i t h DIWI and a known volume 
(1 ml) of sample s o l u t i o n was l o a d e d on i t a t a s low 
f l o w - r a t e (-^0.1 ml r r . in ) . ^he e l u t i o n of m e t a l i o n s o t h e r 
t h a n i r o n was per formed w i t h a 0.011/ HMOo s o l u t i o n . I r o n was 
t h e n e l u t e d out w i t h IM HMO^ s o l u t i o n which s i m u l t a n e o u s l y 
r e g e n e r a t e s t h e column fo r f u r t h e r u s e . The f l o w r a t e fo r 
e l u t i o n was k e p t - ~ i . b - 2 m l / m i n . K ( l ) and Na (1 ) in t h e 
e f f l u e n t s were d e t e r m i n e s f lame p h o t o m e t r i c a l l y wh i l e o t h e r 
m e t a l i o n s were o e t e r m i n e c by EDTA t i t r a t i o n s . Tab le 4 . 1 
g i v e s the r e s u l t s . 
Drug Samples : 
S tock s o l u t i o n s of t h e a r u g f o r n i u l a t i o n were 
p r e p a r e a as f o l l o w s . Itj ml of t h e a r u g r o r m u l a t i o n '/.ere 
t a k e n in a b e a k e r ana h e a t e d w i t h a minimum amount of an 
o x i d i z i n g m i x t u r e (cone. HCiO^ + HNO_, 2 : 1 ) t o d e s t r o y t h e 
org£.nic m a t t e r . The \'ciume of t h e c l e a r s o l u t i o n t h o s o b t a i n e d 
was r e d u c e d t o 1 - 2 ml t o remove t h e e x c e s s a c i d and made 
up to 100 ml w i t h UMW in a s t a n d a r d f l a s k . 
1 ml of t h e s t o c k s o l u t i o n was l o a d e d on t h e column 
(2g e x c h a n g e r ) ana s e p a r a t i o n s \.;ere a c h i e v e d bv t h P ...^ mP 
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procedure as desc r ibed above for s y n t h e t i c m i x t u r e s . 8 0 m l 
of 0 .01 M HNO„ uere s u f f i c i e n t t o e l u t e out a l l t h e metal 
ions except i ron which was then e l u t e d by lOO ml of 1 M HNO_. 
After d e s t r o y i n y the acid by evapora t ion i r on was determined 
in the e f f l u e n t Dy the EDTA t i t r a t i o n s us ing Cu-PAN as an 
i n d i c a t o r . The l e s u l t s are summarized in Table 4 . 2 . 
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TABLE 4 . 1 
Q u a n t i t a t i v e S e p a r a t i o n of I ron From O t h e r A^etal 
Ions in Some S y n t h e t i c M i x t u r e s Us ing ZAP-200 Columns 
C o n s t i t u e n t s 
of m i x t u r e 
/'.mount 
l o a d e d 
Amount 
found 
% E r r o r 
Mg + Fe 
Ca + Fe 
Zn + Fe 
Vin + Fe 
Cu + Fe 
K -H Fe 
Na + Fe 
Mg + Ca + Zn + 
Mn + Cu + K + 























1 1 9 . 6 Mg 
2B2.6 Fe 
200.8 Ca 
2 7 9 . 4 Fe 
3 2 8 . 1 Zn 
2 8 0 . 5 Fe 
2 7 6 . 2 Mn 
2 7 9 . 4 Fe 
3 2 1 . 3 Cu 
2 7 8 . 7 Fe 
1 9 5 . 4 K 
2 8 0 . 0 Fe 
114.2 Na 
2 8 1 . 1 Fe 
- 0.33 Mg 
+ 0.93 Fe 
+ 0.40 Ca 
- 0 . 2 1 Fe 
+ 0 . 3 4 Zn 
+ 0 . 1 8 Fe 
+ 0 . 4 4 Mn 
- 0 . 2 1 Fe 
+ 1.04 Cu 
- r , .46 Fe 
+ 0 . 2 1 K 
0 . 0 0 Fe 
- 0.70 Na 
+ 0.39 Fe 
277 .9 Fe - 0 . 7 5 Fe 
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The main fe^-sture of t h i s s t u a y i s t o use an i n o r g a n i c 
ion e x c h a n g e r for t h e s e p a r a t i o n of -netal i o n s i n pha rmaceu-
t i c a l p r e p a r a t i o n s . ZAP-200, beLnq a h i g h l y r e p r o d u c i b l e m a t e r i -
a l hes g iven s a t i s f a c t o r y r e s u l t s wi th a h i q h d e g r e e of 
p r e c i s i o n as st'ovvn in Tab le 4 . 2 . In o r d e r t o check t h e r e l i a -
b i l i t y and s u i t c;l)i l i t y of t h e p r e s e n t met! od, a tew s y n t h e t i c 
m i x t u r e s c o n t r i i n : n g known q u a n t i t i e s of metr . l i o n s v.-ere a n a l y s e n 
f o l l o w i n g t h e Scine n r o c e a u r o . A h igh d e g r e e of a c c u r a c y in 
t h e r e s u l t s ( t a b l e 4 . 1 ) c o n f i r m t h e v a l i d i t y of t h e method 
which c a n , t h e r e f o r e , be used f o r t h e r e m o v a l of i n t ' ^ r t e r e n c e s 
in t h e d e t e r m i n a t i o n of i r o n in d r u g f o r m u l a t i o n s . 
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• SECTION - B 
QUANTITATIVE BINARY SEPARATIONS OF SOME g --AMINO ACIDS 
ON ANTIMONYCV) PHOSPHATE CATION EXCHANGE COLUN^NS 
INTRODUCTION 
Column cl'TOf; r i tor j rapnic s e o o r a t i o n of amino a c i a s on 
m o l e c u l a r sievG<:,(6) and o rc i an ic r e s i n s ( 7 , 8 ) i s q u i t e ccrr.mon. 
However, t h e use ot i n o r g a n i c ion e x c h a n g e r s f o r such a s t u d y 
i s not w e l l knci'.vn a l t h o u q h t h e s e mater r ' . a l s a r e w e l l e s t a b l i -
sheo and have shiown some q u i t e i n t e r e s t i n g a n p i i c a t i o n s ( 9 - 1 2 ) . 
The p r e s e n t vjor^ i s , t h e r e f o r e , ai.'i.ed t o e x p l o r e t h e o o s s i b i -
l i t y of u s i n g i n o r g a n i c ion exchanc /e rs f o r t h e a d s o r p t i o n of 
amino a c i d c . The amino a c i n s s e l e c t e d a r e of o e n e r a l o c c u r r e n c e 
in human be- inns and p l a n t s . Ant imony(V) p h o s p h a t e has oeen 
t a k e n as t h e a c s o r t ; e n t b e c a u s e of i t s e x c e l l e n t ion exchange 
p r o p e r t i e s and sep, , r . t i o n p o t e n t i a l a l r e a a y s t u d i e d e a r l i e r 
in t h e s e l a o o r r j t o r i e s . 
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EXPERIMENTAL 
Reagents and Che .n ica l s : 
Ant imony (V) cn io j - ide used in t h i s s t u d y w?s of y^ 98% 
p u r i t y o b t a i n e d from i-LUKA ( S w i t z e r l a n d ) and t h e t r i s o o i u m 
o r t h o - p h o s p h a t e vas a b . D . H . Poole (Enq land ) p r o o u c t . A l l 
other r e a y e n t s ana c h e m i c a l s v/ere ol AnalaR g r a d e . 
Apparatus 
A flausch and Lomb s p e c t r o n i c - 2 0 s p e c t r o p h o t o m e t e r 
was used f o r c o l o r i m e t r i c s t u d i e s . For t h e e q u i l i o r i u m s t u c i e s 
a wa te r b a t h i n c u b a t o r s n a k e r h a v i n g a t e m p e r a t u r e v a r i a t i o n 
of + 0 . 5 ° C was u s e e . The pH measu remen t s were performed on an 
ELICO(IMDIA) A'odel Ll-IOT pH m e t e r . 
P r e p a r a t i o n of Reagen t S o l u t i o n s 
A stocK s ' ' j u i i o n (1.58M) of an t imony(V) ch . lo r ide (SbC% ) 
was p r e p a r e d m 4 ; / f / c i . ' ' ^ r t f i e r d i l u t i o n s were also made m 
4M HCl. T r i - s o d i u m ortho-phosph,-- . te (Ma2P0 . .12 H^O) was d i s s o l v e d 
d i r e c t l y in DMW t o p r e p a r e i t s s o l u t i o n of a d e s i r e d c o n c e n t r a -
t i o n . 
S y n t h e s i s of an t imony(V) p h o s p h a t e 
Ant imony(V) pt.osph . te was s y n t h e s i z e d by t h e s t d n c a r d 
method d e s c r i b e d in c h a p t e r 2 . I t s Na'^-e xchanqe c a p a c i t y was 
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found t o be 1.7b meq/g. 
P repa ra t ion of d i f f e r e n t b u f f e r s o l u t i o n s used as so lvent 
systems : 
Buffer s o l u t i o n s of va ry ing pH -.vere ob ta ined(13) by 
mixing the fo l lowing omounts (ml) of a 0 .2 V. NaOH s o l u t i o n 
with a 100 ml of mixture c o n s i s t i n g of the 0 ,004 moles each 
of the p h o s p h o r i c , a c e t i c and b o r i c a c i d s . The numoers in the 
pa ran theses i n d i c a t e the r e s u l t i n g pH of the m i x t u r e . 
3 5 . 0 ( 2 . 2 0 ) , 4 5 . 0 ( 3 . 3 0 ) , 5 0 . 0 ( 4 . 1 ) , 6 0 . 0 ( 5 . 2 ) , 6 7 . 0 ( 5 . 9 5 ) , 
7 2 . 5 ( 6 . 6 ) and 80 .0 ( 7 . 2 5 ) . 
P r e p a r a t i o n of Ninhydrin r e a g e n t : 
4Cb mg of hydrated s t annous c h l o r i d e was d i s so lved 
in 250 ml of c i t r a t e buT.ter at pH 5 , 0 . 4 ^ n inhyd r in so lu t i on 
was prepared in methyl c e l l o s o l v e (e thy lene g l y c o l monomt^thyl 
e t h y l ) . Equal volumes or the two s o l u t i o n s were nixea o a i l y 
p r i o r t h e i r u s e . 
Determinat ion of g-amino a c i d s : 
a-amino ac ios wore determined by the s tandard n inhydr in 
method ( 6 ) . 
1 ml sample so lu t i on and 1 ml of n i n h y d r i n reagent iv^re 
mixed t ho rougn ly in a t e s t t u b e . Contents of the tube were 
14C 
heated in a b o i l i n g water ba th for about 20 m i n u t e s . 5 ml 
of the d i l u t i n g so lu t i on (equa l volumes of g l a s s d i s t i l l e d 
water and n -propano l ) v/os mixed t o the t e s t tube v;hile s t i l l 
on the w a t e r b a t h . Blank s o l u t i o n was prepared in the s i m i l a r 
manner with 1 ml wate r . Tes t t ubes were then cooled unoer a 
running tape wa te r . To t a l volume wfis made upto 10 ml with the 
d i l u t i n g s o l u t i o n . The purp le colour so developed i s s t a b l e . 
Absorbance was moasurea a t 570 nm. Stanoard curve was prepared 
from the l e u c i n e or g l y c i n e . 
Use of g l a s s d i s t i l l e d water and AnalaR grade chemicals 
i s necessa ry otherwise the blank may a l s o give co lou r . The 
amino a c i o s s t u a i e d are gi\ 'en below along wi th a b b r e v i a t i o n s 
used and t h e i r s t r u c t u r e s . 
1 . Glycine 
2 . Dl-Alanine 
3 . Amino B u t y r i c acid 
4 . DL-Serine 
5 . DL-Valine 
6 . UL-Threonine 
7 . DL-L Cyst iene 
8 . L-Leucine 
9. DL-Iso-Leucine 
10, DL-Nor-leucine 







C y s t i e 
Leu (CH3)2CHCH2CH(NK2)CO0H 
I s o Leu CH3CH2CH(CH3)CH(NH2)COOH 










12. DL-B-Phenyl alanine 
13. L-Tyrosine 
1 4 . DL-Tryptophan 
1 5 . L - C y s t i n e 
1 6 . L -Lys ine h y d r o c h l o r i d e 
1 7 . L - H i s t i d i n e 
1 8 , L - A r g i n i n e T.ono-
h y d r o c h l o r i c i e 
1 9 , D L - A s p a r t i c ac io 
2 0 , G l u t a m i c Acid 
Phy Ala C^Hp^CH2CH(NH2)COOH 
Tyr HOC^H4CH2CH(NH2)C(X)H 
Try 















CCX;HCH2t;H (NK^) COOH 
COOHCH^CH^CH (NH^) CCX^ H 
D i s t r i b u t i o n S t u d i e s : 
200 ma of t he e x c h a n g e r in H form were shaken in an 
e l e c t r i c s h a k e r a t 30° _+ 0 . 5 ° C f o r 4 h o u r s w i t h 1 ml of 
0 . 1 % a - a m i n o acic'.s and 19 ml of d i f f e r e n t s o l v e n t systetv.s 
(Buf fe r s o l u t i o n s of v a r i o u s pH v a l u e s ) . The amounts of 
a -amino a c i d s in d i f f e r e n t s o l v e n t s y s t e m s b e f o r e and a f t e r 
the e q u i l i b r i u m v.-ere o e t e r m i n e d spe c t r o p h o t o m e t r i c a i l y by 
n i n h y d r i n method as d e s c r i b e d a b o v e . The d i s t r i b u t i o n c o e f f i -
c i e n t (Kj^) f o r d j : f e r e n t a - a m i n o a c i d s i n v a r i o u s b u f f e r e d 
s o l u t i o n s a r e sUm-narized i n t a b l e 4 . 3 . 
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The folJovvinri formula was used for t h e c a l c u l e t i o n 
of Kp va lues 
Kj3 = ^ " - ^ X ^ m l / g 
where 
I = i n i t i a l c o n c e n t r a t i o n of amino ac id s 
F = f i n a l c o n c e n t r a t i o n of amino a c i d s 
V = t o t a l volume of the s o l u t i o n (ml) 
M = .-nass of the exchanger (g) 
Sepa ra t ion achieved : 
Table 4 . 4 shows the b i n a r y s e p a r a t i o n s achieved us ing 
g l a s s column ( i . d . ^ ^ l cm) c o n t a i n i n g 2 g< exchanger with a l l 
t he d e t a i l s such as amount of a-amino acid loaded and r e c o -
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TABL£ - 4 . 4 
Some quant i ta t ive binary separat ions of a-amino acids 
on antimony (V) phosphate column. 
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Fig . 4.1 V a r i a t i o n of K^ values with pH for 
a-amino acids on Antimony (V) phosphate 
ca t ion exchanger. 
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DISCUSSION 
The nic'iin feciture of t h i s study has oeen t o develop 
a simple metho'' for some b i n a r y s e p a r a t i o n s of a-amino 
a c i d s . In order, t o find out the optimum co'^.oitions of pH t o 
achieve such sf-'por^itions a sy s t ema t i c s tucy [-..is been c a r r i e d 
out by e v a l u a t m q the d i s t r i b u t i o n c o e f f i c i e n t s of 2C amino 
aCids at va ry inq pH on antimony(V) p h o s p h a t e . As f igure 
4 ,1 shows, t h e c o n t r o l of pH i s s p e c i a l l y impor tan t t o r the . 
adsorp t ion as v;ell as for the s e p a r a t i o n of amino acids 
on the su r face of antimony(V) pnospna te . The adsorp t ion i s . 
i n g e n e r a l , g r e a t e i at lo^-.or pH values for almost a l l aniino 
acicis except for L - h y s t i o i n e , L- lys ine and L- leuc ine anc 
dec reases with .m incr r - , se in pH value upto a c e r t a i n e x t e n t 
i . e , pH 4 , Leucine, t y r o s i n e and c y s t i n e , hov.-ever, show a 
r e v e r s a l in behaviour in which case the a d s o r p t i o n i n c r e a s e s 
l i r s t t i l l a pH 4 and then d e c r e a s e s . In a c i d i c media the 
n e u t r a l amino ac i a s m i^y get p ro tona ted and t h u s may nave a 
g r e a t e r a f f i n i t y lo r a c a t i o n exchanger , b a s i c amino ac ios 
l i k e L - h i s t i d i n o and L - l y s i n e , with excess amino groups, 
may qet n e u t r a l i z e d at a l ov^ r pH t o oecom.e l e s s prone for 
a ca t ion exchance phonom.enon on the sur face of antim.ony(V) 
phospha te . Argin ine shows a s l i g h t d e v i a t i o n tron. t h i s 
behav iou r . Ac id ic >->,mip,o BCids such as e s p a r t i c acio ano 
glutamic ac id show a riormal behaviour i , e . they get adsorbed 
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more at a lower pH, which i s obvious. On the bas is of the 
adsorption behaviour binary separat ions 'A«re t r i e o and t ab le 
4,4 shows some of them achieved. As the r e s u l t s indicate the 
method i s e f i ec t ive for a quan t i t a t ive separat ion of glycine 
from DL-valine and L-glutamic acid . Also, L-leucine can 
be separated from glutamic acid and DL-valine while DL-serine 
can be separated trom L-glutamic acid and DL-valine. 
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SECTION - C 
CHRO^l^TOg^APHY OF AMINO ACIDS ON PAPERS IMPREGNATED WITH 
TIN(IV) AND Jl^ORllMClV) PHOSPHOSILICATES ; SEPARATION OF 
BASIC AMINO ACIDS FROM OTHERS 
INTRODUCTION 
P a p e r c h r o m o t o u m p h y , f i r s t i n t r o d u c e d by Consden 
e t a l ( 1 4 ) h a s p layed an i m p o r t a n t r o l e i n a n a l y t i c a l c h e m i s t r y . 
In c l i n i c a l l a b o r a t c i r i e s , i t i s s t i l l t h e most u s e t i ; l , s i m p l e 
and i n e x p e n s i v e hechmique f o r t h e i n i f a l i c e n t i f i c a t i o n of 
a b n o r m a l i t i e s of amino a c i d s ( 1 5 ) B u t , i t s main dravyoack h a s 
been i t s s m a l l l o a d i n g c a p a c i t y . I n o r g a n i c ion e x c h a n a e r s 
have a p o t e n t i a l t o remove t h i s d r a w b a c k . 
The p a p e r s i m p r e g n f t e d v;i th i n o r g a n i c ion e x c h a n g e r s 
have been useo e x t e n s i v e l y f o r t h e s e p a r a t i o n of v a r i o u s 
c a t i o n s and a n i o n s ( 1 6 - 1 8 ) . S e p a r a t i o n on i m p r e g n a t e d p a p e r s , 
now, no t o n l y a e o e n d s upon t h e p a r t i t i o n b u t a l s o on t h e 
s e l e c t i v i t y of t h e r i .c- ter ia l p r e s e n t on t h e p a p e r , Ho\«;ever, 
use of such p a o o r s or t h i n l a y e r s ( 1 9 , 2 0 ) i n t h e s e p a r a t i o n 
of amino a c i d s i s n o c j l i g i o l e . The p r e s e n t work , t h e r e f o r e , 
summarizes our e ' f o r t s t n u t i l i z e t i n ( I V ) and t h o r i u m ( I V ) 
p n o s p h o s i l i c a t e s ( 2 1 , 2 2 ) i n oape r c h r o m a t o g r a p h i c s t u o y of 
amino a c i d s . Un t h e b a s i s of such a s t u d y , t h e s e p a r a t i o n 
of b a s i c amino a c i c from o t h e r s has been a c h i e v e d . 
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EXPERI/v^ENTAL 
Amlnoacids s t u d i e d 
The foi.Lo.virM a n i n o n c i d s ve re u s c c l . l h e y a r e l i s t e a 
in t h e inc re . - . s in . i o r d e r of t h e i r m o i e c u i a r 'A« iqh t . 
Neutra l : G i y c i n G ( N , ) , h y d r o x y p r o l i n e (N ) , /vl£,nine (K_) 
A m i n o b u t y r i c a c i d (U^) , S e r e n e (Np ) , P r o l 3 n e ( N ) , Val ine (?•]-,), 
Th reon ine ( N g ) , C y s t i e n e (K' ) , Leucine (N, Q ) , I s o - l e u c i n e (N, , ) , 
N o r - l e u c i n e ( M , ^ ) , Mot l i ion ine (N-i^) , T y r o s i n e (N, ^) , p h - o l a n i n c 
(NjL^), T r y p t o p h a n (N^a-^* ^ ° ^ ^ (^ ' ly)* C y s t i n e ( I . '^3) . 
B a s i c : O r n i t h i n e ( B , ) , L y s i n e ( B ^ ) , I J y s t i d i n e ( D ^ ) , / u r u i n i n e (B^^ 
A c i d i c : Aspar t : !C a c i o ( A ^ ) , Glu tcn i ic a c i d ( A ^ ) . 
Apparatus : Chrorf..-!to.r..'phy vv/s per formed on 15 x 3 . 0 cm 'A'hatman 
n o . 1 p a p e r s t r i p s in g l . i b s j a r s of 21 x 5 cmi u s i n g t h e a s c e n d i n , -
t e c h n i d u e , 
Reagents : 
A .R. g r a d e cl-i^nr.icals and r e a g e n t s v ^ r e u s e d . 
P r e p a r a t i o n of Ion Exchange p a p e r s : 
The p a p e r st.i i os v.fvro f i r s t improqnr . toa in an aoueous 
s o l u t i o n O . l mole drr~ - t - r n i c c h l o r i d e s o l u t i o n fo r 3 -5 
second and d r i e d l o r JL minutc-.^s on a f i l t e r pai-^er t o remove 
15C 
excesb r e a q e n t , ih'-^se s t r i p s were then t r ec . t ea with aqueous 
0 . 1 mole dm sociiurr s i l i c a t e r or 3-b seconds ana dr ied for 
30 m i n u t e s . Th'?n they v;ere t r e a t e d with a H_PO. - HNO-, rr.i.xture 
(1 mole dm " in "t rr s of each ac id ) for 5 seconds ana allowoa 
t o ary fet room t'~r ".or t u r o before vvashinq with a i s t i l l e a water 
s eve ra l t imes t o rei:,c;vc th.e excess ac ids (SPS) , The s t r i p s 
v/^re now ready lia- use attv-r o r y i n q , Tnorium phosphos i l i c a te 
(i'PS) papers vjcr^ ,u-cp.,roci in a sii, i l c r mr.nnor by t,_kir,Q aqueous 
Uel mole dm throiurn n i t r , to inste,?,d of s t a r r . i c c h i o r i c e . 
Test s o l u t i o n s , De tec to r s anci So lven ts 
0,1/0 s o l u t i o n 01 c y s t i n e and i% s o l u t i o r of otlior amino 
ac ids were prepared in Di;VV. A 2% a l c o h o l i c s o l u t i o n of n innydr in 
was used as a d e t e c t o r . The s o l v e n t s used were ; D/;;W, metlianol 
e t h a n o l , n - b u t a n o l , tormic a c i d , a c e t i c a c i d , b e n z e n e , a c e t o n e , 
e t h e r , pheno l , methanol : a c e t i c a c i d : Df/.W(4:1:5), e t h a n o l : 
a c e t i c acid:DM'.V ( 4 : 1 : ^ ) and n-but a n o l : a c e t j c ac jd :D^.:'.V(4:1:5). 
Procedure 
One or two cirops of the t e s t s o l u t i o n were si^otted on 
the oaper s t r i p s with t h i n capi i i i a r i e s . fhe parsers '..-ere condi-
t ioned for 5 minutos lifFf^o oeinq c;c\'elop^-d by the ascenaing 
t e c h n i q u e . J"he ascent ' s 1( ^ cut in alJ c a s e s . I'he spots on 
the developed s t r i p s v^ro a o t e c t e d '.vith 2% n inhydr in s o l u t i o n 
as u s u a l . 
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• • Impregnated pop t r 






1-1) . .^ . .-o --o..^ , a 
C2H5OH 
^ ^ ; ; ^ = : ^ 
Ni N2N3 N^ N5 Ng N; Us Ng N,oN„ ^121^3 N ,4N,5N,6N,7M,Q B^ B2 B3 B^ A, A2 
^ Amino-ocidsl in the inc reas ing order of the i r mol wt. 
in each cotegory) . 
F i g , 4 .2 P l o t s o f R^ values f o r the amino ac ids 
in various s o l v e n t systems on p l a i n and 
ImDrerrnated oaoers . 
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TABLE - 4.5 
Some binary seD;-.rations of amino acids on SPS papers 
Solvant 
system 
Binary separat ions achieved 
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Agrinine - Aspartic acid (0-0.49) 




















The Re values of 24 amino acids in d i f f e r e n t s o l v e n t 
systems on p l a i n and Impregnated papers (SPS) are reported 
in f igure 4 . 2 . Similar r e s u l t s are obtained on TPS papers . 
Separations achieved are summarized in tab le 4 . 5 . SPS papers 
are preferred over the TPS papers because of the ease of 
the a v a i l a b i l i t y of t i n s a l t s . A l l amino ac ids have zero 
R_ values i n acetone, benzene, ether and n-butanol on p l a i n 
and impregnated papers, M#«te« ih^y • * • not included in the 
f i g u r e . 
As r e s u l t s show t h a t the impregnated papers genera l ly 
have a greater a f f i n i t y for bas ic amino a c i d s , probably 
because of a strong binding force between the basic amino 
acids and the ac id ic exchange s i t e s . H i s t i d i n e , l y s i n e , 
arginine and orni thine are f u l l y re ta ined on SPS papers. 
However, on TPS papers they move to some e x t e n t . Thorium, 
being more bas ic than t i n , might have produced a material 
possess ing l e s s act ive ac id s i t e s as compared to the mater ia l 
produced by t i n . I t i s ev ident from the appreciable movements 
of the a c i d i c and neutral amino acids on both the papers. 
Size of the molecule does not apparently a f f e c t the movement. 
Tandon e t a l . ( 2 l ) have observed e a r l i e r t h a t ac id ic amino ac ids 
are completely retained on papers impregnated with an amphot-
e r i c mater ia l l i k e hydrous zirconium oxide i n ac id ic media 
154 
v.'hich i s oijvjrius in vi^ -A' of t l .e ai.'^sorvcit ic>ns rn^cie In 
t h o s e s t u d i e s . Matu c o: t h e Gcivcnt .-'Iso , .^pf" r s t o 
p l ay an i m p o r t c-.nt i ^If . I t i s ol^servec t h . t <• 11 t i e amino 
a c i d s s t u d i e d q c n c r M l y r.ave a h i g h e r m o o i l i t y in a c i d s , 
o h e n o l s ona v/.i t tr CG cuinpci'ocl t o o t h e r s o l v e n t s , hovs'ever, 
m e t h a n o l g i v e s b e t t e r r ' ; s u l t s c.s in t h i s s o l v e n t t\ P 
s p o t s a r e coKiJc-ict cnc' t h e d e v c j o p n e n t t i m e i s q r e p t j y 
r e d u c e d . 
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